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The   Annual    Meeting   of   the   Members  was  held  on  -" ' 
Tuesday,  the  9th   October,   1888,   at    the   Rooms   of  the 
Manchester  Literary  and  Philosophical  Society,  36,  George 
Street. 

Joseph  Dickinson,  Esq.,  F.G.S.,  the  retiring  President, 

in  the  Chair. 


The  Chairman  called  upon  the  Hon.  Secretary,  Mr.  Mark 
Stirrup,  to  read  the  Annual  Report : — 

EEPOET  OF  THE  COUNCIL 

For  Session  1887-8. 

The  Council  of  the  Manchester  Geological  Society  in  pre- 
senting their  report  to  the  members  for  the  Fiftieth  year  of 
the  Society's  existence  think  it  desirable  to  refer  to  its  origin 
and  commencement  and  shortly  to  review  its  history,  as  re- 
corded in  its  minute  books  and  publications. 

The  Society  was  f  oimded  under  the  name  of  the  Manchester 
Geological  Society  by  a  resolution  passed  at  a  meeting  of 
friends  of  Geological  Science  held  on  the  15th  of  October, 
1838,  at  the  York  Hotel,  King  Street,  now  pidled  down,  on 
the  site  of  which  stands  the  new  building  of  the  Manchester 
and  County  Bank,  Limited. 

This  meeting  was  presided  oyer  by  Lord  Francis  Egerton, 
afterwards  the  first  Earl  of  Ellesmere,  and  the  objects  of  the 
Society's  foundation  were  then  declared  to  be  "  To  investi- 
gate the  K^Beral  Structure  and  Organic  remains  of  the 
earth,  to  enqtdre  into  the  statistics  and  machinery  of  mining. 


o  •  • 


to  collect  bdoki;  sections,  maps,  models  and  mining  records, 
to  publish  the  Transactions  of  the  Society  with  suitable  illus- 
trations^  ted  to  form  a  museum  to  be  open  gratuitously  to 
the  pubKc." 

'  So  began  the  Society,  and  among  its  original  members 

.m^y{>e  foimd  the  names  of  not  a  few  of  the  most  prominent 

/.''a]id  distinguished  inhabitants  of  Manchester  and  the  sur- 

'  \  founding  districts. 

,  •.;        The  list  of  officers,  published  1841,  at  the  end  of  the  first 

volume  of  the  Society's  Transactions,  reads  as  follows  : — 

OFFICERS,  1840-41. 

PRESIDENT: 
The  Bight  Honourable  Lord  Francis  Egerton,  M.P.,  F.G.S. 

VICE-PRESIDENTS  : 
James  Heywood,  Esq.,  F.R.S.  &  G.S. 
Ralph  Thicknesse,  jmi.,  Esq. 
William  Hulton,  Esq.,  F.G.S. 
John  Eddowes  Bowman,  Esq.,  F.G.S.  &  L.S. 

TREASURER  : 
George  "Wareing  Ormerod,  Esq.,  M.A.,  F.G.S. 
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John  Hawkshaw,  Esq.,  F.G.S. 


Eaton  Hodgkinson,  Esq.,F.R.  S. 
Francis  Looney,  Esq.,  F.G.S. 
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and  among  other  Members  of  that  time  are  the  well-known 
names  of  Dr.  E.  F.  Ainsworth,  Elkanah  Armitage,  Thomas 
Afihton,  Edmund  Ashworth,  R.  W.  Barton,  Hugh  Beever, 
Edmund  Buckley,  W.  R.  Gallender,  Richard  Ghristy,  Peter 
Glare,  James  Grossley,  S.  D.  Darbishire,  Sir  Philip  Egerton, 
and  his  life-long  friend,  the  Earl  of  Enniskillen,  Dr. 
Fleming,  Samuel  Fletcher,  Robert  Hyde  Greg,  W.  Rathbone 
Gfreg,  George  Hadfield,  Joseph  Heron,  Sir  Benjamin  Hey- 
wood,  Paul  Moon  James,  Thomas  Knowles,  William  Langton, 
Edward  Loyd,  William  Nield,  Edward  Stanley,  Bishop  of 
Norwich;  H.  M.  Ormerod,  Mark  Philips,  M.P.;  G.  S. 
Fereday  Smith,  Edward  Tootal,  Henry  Tootal,  Lord  Vernon, 
and  many  others  of  equal  note. 

The  Coimcil  were  for  some  time  engaged  in  arranging  for 
a  habitation,  which  was  eventually  foimd  at  25,  Faulkner 
Street,  and  in  receiving  donations  of  Minerals  and 
Fossils. 

Their  first  Annual  Meeting  was  held  in  the  Rooms  of  the 
Royal  Institution,  Mosley  Street,  on  the  17th  January,  1839, 
under  the  presidency  of  James  Heywood,  Esq.,  F.R.S., 
whom  they  are  happy  to  say,  with  about  four  other 
members,  still  survives. 

At  the  end  of  this  year  Mr.  Heywood  offered  the  greater 
part  of  his  house  in  Mosley  Street,  at  the  comer  of  St.  Peter's 
Square  (now  the  Glarendon  Glub),  at  a  trifling  rent,  and  the 
Society  moved  thereto. 

This  was  not  the  only  instance  of  Mr.  Hey  wood's  liberality 
to  the  young  Society,  for,  besides  giving  £100  in  1839  to 
the  initial  expenses,  he  gave  in  1841  a  collection  of  fossil 
shells  from  the  Garboniferous  Limestone,  made  by  Mr. 
GhUibertson,  of  Preston,  and  also  in  1842  he  presented  to  the 
then  growing  museimi  belonging  to  the   Society,  a  large 


general  collection   of  fossils,   made    by   George   Cumber- 
land, Esq.,  F.G.S.,  of  Bristol,  for  which  he  gave  £400. 

These  gifts  formed  the  nucleus  of  the  large  collections 
which  were  afterwards  got  together. 

It  ought  not  to  pass  unrecorded  that  the  magnificent 
specimen  of  Ichthyosaurus  eommuniSy  now  in  the  Owens 
College  Museum,  from  the  Lias  of  Whitby,  perhaps  the  finest 
example  of  one  of  these  fossil  reptiles  in  the  kingdom,  was 
presented  to  the  Society  by  the  joint  liberality  of  George 
Hadfield,  Esq.,  M.P.  for  Sheffield,  and  James  Heywood, 
Esq.,  F.R.S.,  and  was  afterwards  set  up  at  the  expense  of 
the  Society  by  the  late  J.  Waterhouse  Hawkins, 

The  rapidly  increasing  collection  of  fossils  was  moyed 
into  Mr.  Heywood's  house,  and  a  commencement  was  made 
to  arrange  and  name  the  specimens. 

In  the  year  1840,  the  Society,  with  other  bodies,  presented 
a  Petition  to  the  Houses  of  Parliament,  asking  for  the 
Ordnance  Survey  to  be  enlarged  from  one  inch  to  six  inches 
to  the  mile.  The  Treasury,  in  October,  wrote  to  say  that 
the  Petition  was  granted  as  to  South  Lancashire,  and  the 
Master-General  of  the  Ordnance  was  pleased  to  say  that  the 
arguments  used  in  the  Society's  Petition  were  a  principal 
ground  of  granting  the  request.  At  the  end  of  this  year 
the  Society  consisted  of  134  members.  The  rules  of  the 
Society  had  been  drawn  up.  Papers  were  regularly  read — 
followed  by  discussion — and  the  Society  was  now  in  working 
order,  and  in  March,  1841,  preparations  were  made  for 
publishing,  and  the  first  part  was  published  before  October 
of  that  year. 

The  British  Association  visited  Manchester,  for  the  first 
time,  in  1842,  and  materially  assisted  the  Society  by  a 


grant  of    £100    from    its  funds    towards   arranging  the 
collection. 

In  1849  the  Museum  of  the  Society  had  been  moyed  into 
the  Manchester  Royal  Institution  and  the  meetings  held  there 
for  some  years,  but  the  number  of  members  had  greatly 
fallen  off  and  also  of  those  attending  the  meetings,  and  in 
October  of  that  year  the  Council  addressed  a  strong  remon- 
strance to  the  members  and  it  was  resolved  that  a  Committee 
should  be  appointed  to  reorganize  the  Society.  In  1850, 
negociations  were  opened  for  amalgamating  the  collection 
and  the  Society  partially  with  the  Natural  History  Society, 
and  in  November  this  was  arranged.  The  two  Geological 
Collections  were  gradually  amalgamated  and  Meeting  rooms 
and  other  accommodation  provided  in  the  building  of  the 
Natural  History  Society,  Peter  Street,  and  this  was  carried 
out  partially  by  October,  1851,  and  completed  in  October, 
1852,  when  the  Curator  reported  it  to  be  complete,  and  that 
the  rearranged  and  amalgamated  Collection  was  ready  for 
the  gratuitous  admission  of  the  public.  The  arrangement  of 
the  Collection  was  further  continued  in  1854,  with  the  assis- 
tance of  Mr.  Salter  of  the  Government  Museum,  Jermyn 
Street,  especially  as  to  the  Silurian  and  Carboniferous  Lime- 
stone fossils. 

The  Council  now  hoped  that  having  secured  convenient 
rooms  for  meeting,  having  by  joining  the  two  collections 
formed  one  excellent  one,  having  greatly  reduced  the 
expenses  which  had  weighed  so  heavily  on  them,  they 
might  hope  to  make  more  successful  progress.  This 
arrangement  continued  imtil  1869,  subject  to  a  good  deal  of 
disagreement,  misunderstanding,  and  discomfort. 

The  Society  continued  its  meetings  in  the  building  of 
the  Natural  History  Society  in  Peter  Street  until  1873,  with 
a  steadily  increasing  number  of  members. 


In  the  year  1869,  after  muoh  discussion  and  considera- 
tion, in  consequence  of  the  Natural  History  Society 
having  agreed  to  giye  their  building  for  certain  pur- 
poses, and  partly  to  the  Owens  Oollege,  the  Geological 
Society  agreed  to  concur  with  the  Natural  History 
Society,  thereby  representing  the  united  collection,  to 
present  it  to  the  Owens  College,  subject  to  certain  stipu- 
lations as  to  maintenance  and  care,  the  free  admission  of 
members  and  of  the  public  on  certain  days,  and  that  the 
College  should  provide  a  fitting  building  for  the  museum. 
The  Society  also  agreed  with  the  Literary  and  Philosophical 
Society  to  have  accommodation  for  their  meetings  and 
Council  meetings  in  the  rooms  of  that  Society  in  George 
Street.  The  collection  was  removed  to  Owens  College  in 
1873,  and  on  the  18th  November,  1873,  the  General 
Annual  Meeting  of  the  Society  was  held  in  the  rooms  of  the 
Literary  and  Philosophical  Society,  and  the  library  was 
removed  to  a  place  provided  in  the  same  building  by  the 
same  Society. 

The  Society  has  from  this  time  in  most  things  made  a 
continued  steady  advance.  Many  valuable  papers  have  been 
read,  especially  relating  to  the  Colliery  Department  of 
Geology,  and  the  reports  have  been  steadily  printed. 

The  number  of  members  continued  to  advance,  and  if  at 
present  under  the  cloud  of  bad  trade,  it  has  not  progressed 
still  more,  there  is  no  reason  to  doubt  a  future  increase. 

The  Council  also  have  carefully  invested  as  opportunity 
offered,  the  surplus  revenue  and  compositions,  so  that  at 
present  the  reserve  fund  so  invested,  exceeds  in  value  £1000. 

The  Library  has  been  largely  increased  by  purchases, 
exchanges,  and  donations,  and  the  Literary  and  Philoso- 
phical Society  have  liberally  provided  greatly  improved 
accommodation  for  the  same. 


By  the  agreement  of  1869,  the  Owens  College  authorities 
agreed  to  find  suitable  accommodation  for  the  large  united 
geological  collection,  and  in  the  new  buildings  in  Oxford  Road, 
they  have  admirably  redeemed  their  pledge.  The  Collection 
re-arranged,  re-named,  by  Professor  Boyd  Dawkins  and  his 
assistants,  is  now  open  to  view  in  a  lofty  spacious  well- 
lighted  room  of  90  feet  in  length,  with  the  minerals  imme- 
diately adjoining,  accessible  in  every  part.  This  Museum 
was  opened  last  year,  and  it  is  believed  not  to  be  surpassed 
by  any  Museum  in  the  United  Kingdom  in  the  above 
qualities. 

The  Meetings  have  been  held,  not  always  in  Manchester, 
but  occasionally  at  Wigan,  and  Field  Excursions  have,  from 
time  to  time,  been  made  to  other  places. 

The  Council,  in  now  closing  their  retrospect,  hope  that 
the  peaceful  and  prosperous  progress  of  the  Society,  to  judge 
from  the  last  fifteen  years,  is  established;  and  they  believe, 
that  on  comparison  of  the  primary  resolution  at  the  meet- 
ing founding  the  Society,  it  will  be  found  that  the  objects 
there  declared,  have  been  fully  and  effectually  carried  out. 

Although  the  past  half  century  has  witnessed  periods  of 
growth  and  decline  in  the  activity  of  the  Society,  such  as 
are  inevitable  to  organizations  like  our  own,  this  Jubilee 
year,  your  Council  have  pleasure  in  stating,  shows  no  signs 
of  decadence  or  loss  of  vitality,  but  rather  seems  to  have 
witnessed  a  renewal  of  its  vigorous  youth,  in  the  more 
than  the  average  number  and  quality  of  the  papers  that  have 
been  brought  before  the  meetings. 

These  communications,  29  in  number,  of  which  a  list  is 
appended,  have  been  varied  in  character,  ranging  from 
purely  theoretical  subjects  in  geology,  to  those  more  practical 
applications  of   geological   science,   which  have  for   their 
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object  mining,  or  the    extraction  and  utilization  of  the 
mineral  wealth,  with  which  our  rocks  are  stored. 

Some  of  the  subjects,  which  have  been  discussed,  are 
especially  noteworthy,  as  matters  affecting  large  commercial 
interests,  and,  in  some  degree,  our  national  prosperity. 

In  accordance  with  a  request  in  the  last  Annual  Report,  that 
the  Society  should  take  up  some  definite  work  in  connection 
with  one  or  other  of  the  Committees  of  the  British  Associa- 
tion, formed  for  scientific  investigations,  your  Council  are 
pleased  to  state  that  a  commencement  has  been  made  by  a 
few  of  the  members  in  collecting  information  as  to  the 
distribution  of  erratic  blocks  in  the  Lancashire  and  adjoining 
districts,  a  portion  of  which  information  has  already  been 
embodied  in  a  Paper  read  before  the  Society  during  the  past 
Session. 

The  number  of  members  on  the  roll  shows  some  slight 
diminution,  owing  to  the  yacancies,  caused  by  resignations 
and  deaths,  not  having  been  equalled  by  the  nimiber  of  new 
members  elected. 

During  the  year,  9  new  members  have  been  added  to  the 
list,  9  have  resigned,  and  4  have  died.  Among  the  latter 
the  Council  have  to  regret  the  loss  of  John  B.oss  Coult- 
hart,  Esq.,  J.P.,  F.R.S.,  formerly  of  Ashton-imder-Lyne,  a 
member  of  nearly  30  years  standing,  also  F.V.  Hayden,E8q., 
the  eminent  geologist  of  the  United  States'  Geological 
Survey,  who  was  an  honorary  member  of  the  Society.  The 
list  of  members  is  now  composed  of : — Honorary  members 
16,  Life  members  8,  Ordinary  members  190,  making  a 
total  of  214. 

The  usual  number  of  meetings  has  been  held  during  the 
session,  including  two  in  the  Mining  School,  Wigan,  and  a 
special  evening  meeting  at  the  New  Museum,  Owens  College, 
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on  the  invitation  of    the  Principal  and  Council  of  the 
College. 

A  more  nmnerous  attendance  of  the  members  was  notice- 
able at  the  Wigan  meetings,  which  the  Council  hope  will 
continue,  and  that  the  members  will  evince  their  interest  in 
them  by  providing  interesting  and  valuable  matter  for 
discussion. 

The  meeting  at  Owens  College  was  largely  attended  by 
the  members,  who  had  at  last  the  satisfaction  of  seeing  the 
geological  collections  formerly  belonging  to  the  Society, 
nobly  housed  and  in  the  process  of  being  arranged  and 
displayed  in  the  spacious  hall  allotted  to  them. 

Your  Coimcil  have  to  thank  the  authorities  of  the  College 
for  the  courtesy  extended  to  the  members,  of  inviting  them, 
before  the  formal  opening  of  the  Museum  buildings  to  the 
public,  to  inspect  what  they  had  already  done  in  the 
Geological  department,  to  fulfil  the  conditions  which  had 
been  entered  into,  when  the  transfer  of  the  Society's 
collections  took  place. 

Tour  Coimcil  are  pleased  to  see  the  continued  interest 
taken  in  these  geological  collections  by  many  of  the 
members,  an  interest  which  has  been  evinced  by  contribu- 
tions during  the  past  year  from  Messrs.  J.  Dickinson, 
C.  Dugdale,  H.  M.  Ormerod,  Miles  Settle,  M.  Stirrup, 
H.  A.  Woodward,  and  others. 

The  collections  relating  to  our  local  geology,  especially 
the  flora  and  fauna  of  our  coal  measures,  are  far  from  being 
as  complete  as  they  might  be,  and  the  Council  would  there- 
fore impress  upon  the  members,  many  of  whom  have 
exceptional  opportunities,  of  the  desirability  of  making  the 
museum  as  representative  and  instructive  as  possible  of  the 
geology  of  the  Lancashire  coal-field. 
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Two  excursions  have  been  made  during  the  summer,  both 
on  the  invitation  respectively  of  two  of  our  members. 

The  first  took  place  on  the  26th  July,  imder  the  direction 
and  leadership  of  Daniel  Adamson,  Esq.,  J.P.,  F.G.S.,  to  the 
Frodingham  Iron  Field,  Lincolnshire,  a  district  with  whose 
industrial  development  Mr.  Adamson's  name  is  closely 
connected. 

The  members  on  their  arrival  at  Frodingham  were 
conducted  over  the  works  of  the  North  Lincolnshire  Iron 
Co.,  of  which  Mr.  Adamson  is  Chairman ;  the  process  of 
iron  making  being  pointed  out,  with  the  special  arrangement 
of  the  blast  furnaces,  and  the  utilization  of  the  gas  from  the 
smelting  operations  for  the  heating  of  a  number  of  boilers 
and  stoves. 

After  some  time  spent  upon  the  works,  the  party  proceeded 
to  examine  the  iron-stone  beds  which  crop  out  in  the  vicinity. 
These  belong  to  the  Liassic  formation,  and  lying  close  to  the 
surface,  are  worked  open  cast  near  the  outcrop. 

The  ironstone  occurs  interstratified  with  a  bastard  lime- 
stone full  of  fossils  of  mid-Lias  age,  of  which  abundant 
collections  were  made. 

The  Second  Excursion  on  August  16th,  to  the  Warburton 
section  of  the  Manchester  Ship  Canal  Works,  was  carried 
out  under  the  auspices  of  the  Chief  Engineer  of  the  under- 
taking, E.  Leader  Williams,  Esq.,  M.Inst. C.E.,  who,  though 
unfortunately  unable  to  be  present  to  lead  the  party  himself 
over  the  works,  had  arranged  for  efficient  substitutes  in  the 
persons  of  Mr.  Prowse,  the  contractor's  agent,  and  Mr. 
Brown,  the  resident  Engineer.  Mr.  C.  E.  de  Ranee  of  the 
Geological  Survey  also  joined  the  party,  and  was  of  service 
in  explaining  the  geological  features  of  the  district. 
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The  interest  taken  in  this  great  engineering  enterprise 
was  shown  by  the  presence  of  a  large  number  of  the  members. 
The  section  examined  was  from  Hollins  Ferry  to  Thelwall, 
the  excavations  being  mainly  in  alluvial  beds  of  the  old 
river  valley  and  in  drift  deposits,  except  at  Warburton, 
where  some  hard  beds  of  Keuper  Marls,  which  rest  imme- 
diately upon  the  Keuper  Waterstones,  were  being  blasted 
for  the  readier  attack  of  the  steam  "  navvy."  The  inspec- 
tion of  these  marvellous  machines  at  work  lent  great  interest 
to  the  day's  proceedings. 

The  Library  still  continues  to  receive  valuable  accessions 
by  exchange,  gift,  and  purchase.  During  the  year  attention 
has  been  given  to  supplying  the  deficiencies  in  several  of  the 
sets  of  publications  issued  by  the  more  important  societies 
with  which  exchanges  are  made.  Applications  for  missing 
numbers  have,  for  the  most  part,  been  generously  supplied, 
thus  filling  blanks  that  militated  against  the  usefulness  of 
the  library. 

In  accordance  with  a  resolution  passed  last  year,  a  number 
of  serial  publications,  amoimting  to  upwards  of  100  volumes, 
have  been  bound  up.  Attention  has  also  been  given  to  the 
preparation  of  a  new  catalogue,  which  had  become  necessary 
owing  to  the  large  additions  of  recent  years.  This  has  now 
been  completed  in  manuscript,  and  the  advisability  of  its 
early  publication  will  be  a  matter  for  the  determination  of 
the  new  Council. 

Among  donors  to  the  library  are  the  Governor-General  of 
India  in  Council  for  a  complete  set  of  the  Quarterly  Record 
of  the  Geological  Survey  of  India,  and  Messrs.  W.  Whitaker, 
F.G.S.,  and  Joseph  Dickinson,  F.G.S.,  for  other  contri- 
butions. 

The  following  purchases  have  been  made  in  addition  to 
the  usual  subscription  volumes,  viz. : — 
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Vol.  2,  in  two  parts,  of  the  Memoirs  of  the  Geological 
Survey  of  Great  Britain  (to  replace  missing  volumes). 

Palaeontology  of  the  State  of  New  York,  by  James 

Hall.     Five  vols,  in  seven.     Quarto. 
Geological  Record  for  1879. 

Handbook  of  Scientific  and  Learned  Societies  of  Great 
Britain  and  Ireland,  1888. 

The  Treasurer's  Statement  is  a  gratifying  document, 
showing  the  finances  of  the  Society  to  be  in  a  sound  and 
prosperous  condition. 

Notwithstanding  rather  heavier  disbursements  than  usual 
on  the  printing  of  the  Transactions  and  their  illustration, 
also  a  special  outlay  on  account  of  the  library,  there  still 
remains  a  good  balance  in  favour  of  the  Society — ^being 
about  £30  of  an  increase  over  last  year. 

The  Council  in  concluding  their  Annual  Report,  and  in 
presenting  a  short  retrospect  of  the  60  years  of  the  Society's 
history,  trust  that  the  success  of  the  present  and  the 
prestige  of  the  past,  may  induce  the  members  to  take  a 
deeper  interest  in  its  actual  work  and  future  progress. 

Your  Council  encourage  the  hope  that  their  successors, 
by  a  wise  and  skilful  management  of  the  Society,  may  be 
able  to  extend  the  sphere  of  its  usefulness,  and  draw  within 
its  fold  many  of  those  who  pursue  the  study  of  geology, 
whether  for  its  intrinsic  value  as  an  intellectual  regimen,  or 
whether  for  those  more  practical  and  economic  advantages 
which  result  from  a  study  of  its  principles  and  doctrines  in 
their  application  to  mining  and  kindred  industries. 


The  Treasurer  presented  the  Balance  Sheet,  which  he 
read,  as  follows  : — 


18 


<5 


-2  COO^  OO  CO^  99  ooco  o 

•  O '^  CO  O  »0  CO  0)^-0001  o 

"*  »H  »H  rH  rH  »H 

cj  00 -^  O  O  OCO»H  «-i  oo  o  »o 


a 

o 
►> 


I 


OB 

I 


«  2  d 


coco 

a> 

Odd 

r-4 

- 

£211 
127 

0) 

eo 
eo 

00 
I 


►  •So® 


I 


«HCO      eocoooo»o 


a    »o<0 

CJ     r- CO         »-•  »0  rH  t^  o?  o 


eo  CO  o  O  O  00 

*— •  »0  rH  r- 
«H  00  «H 


00 

00 


•p 


00 


00 

g 


la 

2^ 


a 

i 


I 

00 


■€ 


Oi 

00  II 

»H 

CI  U 

O) 
CO 
CO 

127 

s 


^ 

A 


I 

•a 
I 

8 

I 

o 


O 
I 

00 


1^ 


2S 


I 


14 


It  was  moved  and  seconded  that  the  Report  of  the 
Council  as  now  read,  together  with  the  Treasurer's  Balance 
Sheet  (subject  to  audit)  be  approved  and  adopted.  Carried 
unanimously. 


THE  FOLLOWING  IS  A  LIST  OF  PAPERS  AND  COMMUNICATIONS 


WHICH  HATE  BBBN  BHOrOHT  BBFOBB  THB 


SOCIETY  DURINO  THE  SESSION  1887-8. 


1887. 


Ndvember.    Dickinson,   Joseph.     ''On  the  Progress  of  Mining 

and  Geology." 

December.     Stirrap,  Mark.     ''On  the  Conferences  of  Delegates 

of   the  Corresponding  Societies  of    the  British 
Association." 
Clifford,  William,  M.E.     "On  the  Richmond  Coal- 
field, Virginia." 


1888. 
January. 


Pebruary. 


March. 


Bainbridge,    Emerson,    M.Inst.C.E.      "On  a   New 

Description  of  Miners'  Safety  Lamp." 
Bramall,   Henry,  M.Inst.C.E.     "On  a  New  Lead 

Rivet  Mould." 
Teale,  Wm.  E.     "  On  an  Automatic  Lock  for  Shields 

or  Bomnets  of  Safety  Lamps." 
Hall,  Henry.     "An  Improved  Tin  Can  Lamp." 
Swete,  0.     "A  New  Electjic  Miner's  Lamp." 
Edward,  G.     "On  the  Old  Red  Sandstone  of  Caith- 

ness  and  its  Fossils."     (Given  at  Owens  College.) 
Williamson,  Prof.  W.  C.     "  On  the  Fossil  Trees  of 

the  Coal  Measures."     (Given  at  Owens  College.) 
Bolton,  Herbert.     "Observations  on  Boulders  from 

the  High-Level  Drift  of  Bacup." 
Cowbum,  Henry.     "  On  Boulders  in  Coal  Seams." 
Stirrup,  Mark,  F.G.S.      "  On  Foreign  Boulders  in 

Coal  Seams." 
Hardwick,    Chas.      "The    Granite  of    the   Mullet, 

Ireland." 
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March.  Percy,  C.  M.,  M.E.,  F.G.S.     **  On  Mine  Eents  and 

Mineral  Royalties." 
April.  Cornish,  Yaughan.     **  On  the  Artificial  Reproduction 

of  Minerals  and  Rocks." 
Woodward,  Herbert  A.     "  Boulders  in  Coal  Seams." 
Gresley,  W.  S.,  Assoc.M.Inst.C.E.,  F.G.S.     "  On  the 

Occurrence  of  Boulders  and  Pebbles  in  the  Coal 

Measures." 
May.  Walmesley,  Oswald.     *'  On  Mine  Rents  and  Mineral 

Royalties." 
Martin,    J.    S.,    F.G.S.       **  On    Mine    Rents    and 

Royalties." 
Meadows,  J.  W.  C.     "  On  Irish  Mine  Rents." 
Clifford,    William,    M.E.      **  On    Mine  Rents  and 

Royalties." 
Ashworth,  James.     **  On  Ash  worth's  Patent  Hepple- 

white — Gray  Safety  Lamp." 
Moore,    J.    E.      **0n    Pearson's    Patent    *  Eclipse' 

Miners'  Safety  Lamp." 
Mercier,    Maunsell,    M.E.      *'0n   Cunliffe's  Patent 

Hydraulic  Coal-Getter." 
June.  Bird,  W.  J.     *'  On  the  South  Durham  Salt  Bed  and 

Associated  Strata." 
Watts,  William.  F.G.S.     "On  the  Distribution  of 

Erratics  and  Boulder  Clay  on  the  Lower  Portions 

of  the  Drainage  Areas  of  the  Oldham  Corporation 

Waterworks." 
Law,  Robert,  F.G.S.,  and  Horsfall,  James.      *'An 

Account  of  Small  Flint  Implements  found  beneath 

Peat  on  several  Elevated  Points  of  the  Pennine 

Chain,  lying  between  Huddersfield  and  Oldham." 
Sington,    Theodore.      "  On    the    recently    disclosed 

Sections  of  the  Superficial  Strata  along  Oxford 

Street,  Manchester." 
Erratum  in  Mr.  W.  S.  Gresley 's  paper   "On  the 

the  occurrence  of  Boulders  and  Pebbles  in  the 

Coal-Measures. " 
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NEW  ORDINARY  MEMBERS. 


Grundy,  James 
Hallas,  George  H. 
Oldham,  Thomas 
Oliver,  S.  A. 


Saint,  William 
Scarborough,  George  E. 
Smith,  Sydney  A. 
Walmesloy,  Oswald 
Wood,  WiUiam 


MEMBERS  DECEASED. 


Bamford,  J.  B. 
Ooulthart,  J.  Ross 


Hayden,  F.  V. 
Wallwork,  Thomas 


MEMBERS  RESIGNED. 


Devonport,  John 
Dugdale,  Crispin 
HaU,  A.  D. 
Law,  Robert 


Mc.Kinless,  J. 
Pearson,  A. 
Rogers,  WUliam 
Smith,  G.  Fereday 
Storey,  Edgar 


ELECTION  OF  OFFICERS. 

The  Hon.  Secretary  called  the  attention  of  the  members 
to  the  rules  of  the  Society  by  which  the  annual  change  of 
the  President  becomes  necessary,  also  the  retirement  of  the 
two  Vice-Presidents,  and  four  members  of  the  Council  who 
had  attended  the  fewest  number  of  Council  meetings.  The 
election  was  then  proceeded  with,  and  the  following  Officers 
and  Council  were  declared  duly  elected  : — 
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President: 

JOHN  KNOWLES,  M.In8t.C.E.,  J.P. 

Vice-Presidents  : 


U£NRY  BRA  MALL,  M.InBt.O.E. 
JOHN  S.  BURROWS. 


GEORGE  PEACE. 
ROBERT  WINSTANLEY. 


Ex -officio    Vice-Presidents : 


JAMES  HEYWOOD,  F.R,S. 
G.  W.  ORMEROD,  F.G.S. 


ANDREW  KNOWLES. 

G.  C.  GREENWELL,  F.G.S. 


R.  CLIFFORD  SMITH,  F.G.S. 

Right  Hon.  thb  EARL  OF  CRAWFORD  &  BALCARRES. 

Sm  U.  K.  SHUTTLEWORTH,  Bart. 

GEORGE    GILROY,   M.Inat.C.E. 

EDWARD  PILKINGTON,  J.P. 

H.  M.  ORMEROD,  F.G.S. 

Phofbmok  W.  BOYD  DAWKINS,  M.A.,  F.R.S.,  F.G.S. 

JOSEPH  DICKINSON,  F.G.S. 

Hon.    Treasurer, 

HENRY  MERE  ORMEROD,  F.G.S. 

Hon.  Secretaries: 

MARK  STIRRUP,  F.G.S.  |      G.H.HOLLINGWORTH,  F.G.S- 

Other  Members    of  the   Council: 


W.  S.  BARRETT. 

H.  H.  BOLTON,  Junk. 

R.  T.  BURNETT,  F.G.S. 

WALTER  EVANS. 

C.  E.  NEWTON,  F.G.S. 

GEORGE  H.  PEACE. 


CHAS.  PILKINGTON. 
JAMES  RADCLIFFE,  F.G.S. 
WM.  SAINT,  H.M.I.M. 
JAMES  TONGE.  F.G.S. 
GEORGE  WILD. 
HERBERT  A.  WOODWARD. 


Hon.  Auditors. 

ALFRED  PILKINGTON.        |      CLEGG  UVESEY. 


U 
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Mr.  Stirrup  said  he  wished  specially  to  direct  the  atten- 
tion of  members  to  the  notices  which  appeared  in  the 
circular  convening  the  meeting,  namely : — 

'*  In  order  to  meet  the  convenience  of  some  of  the  Members,  the 
Council  have  changed  the  date  of  the  Meeting  from  the  first  to  the 
second  Tuesday  of  the  month,  at  the  usual  hour ;  and  they  hope 
that  this  alteration  will  enable  a  larger  number  of  the  Members  to 
take  part  in  the  proceedings." 

**  Members  desirous  of  reading  Papers,  or  making  short  communi- 
cations during  the  ensuing  Session,  will  much  oblige  the  Hon. 
Sees.,  and  facilitate  the  arrangement  of  the  programme,  if  they  will 
send  in  as  early  as  possible  the  titles  of  their  subjects,  and  the 
date  they  would  prefer." 

A  vote  of  thanks  to  the  retiring  members  of  the  Council 
having  been  passed, 

Mr.  John  Knowles  took  the  Chair  as  President  for  the 
ensuing  year;  and  in  doing  so  said: — I  am  exceedingly 
pleased  and  gratified,  gentlemen,  that  you  have  appointed 
me  your  President  for  the  ensuing  year.  It  is  some  14  or 
16  years  since  I  occupied  this  position,  for  two  years ;  and 
since  that  time  no  doubt  great  changes  have  taken  place. 
ITien,  in  the  trade  with  which  I  am  more  immediately  con- 
nected, the  prospects  were  bright — in  fact  they  were  exceed- 
ingly bright,  and  I  only  hope,  now,  that  we  may  have 
somewhat  brighter  prospects  again.  With  regard  to  the 
meetings  of  this  Society,  I  hope,  as  Mr.  Stirrup  has  said,  we 
may  succeed  in  bringing  more  members  together  who  wiU 
take  an  interest  in  them.  It  wiU  be  observed  that  the 
Council  have  made  an  alteration  in  the  days  of  our  meetings 
The  fact  of  the  meetings  being  on  the  first  Tuesday  of  the 
month  has  prevented  me,  and  no  doubt  others  also,  from 
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attending ;  because  it  is  on  that  day  that  we  have  always 
had  the  meetings  of  our  Goal  Association,  in  Manchester, 
and  we  cannot  very  well  attend  both.  But  on  the  second 
Tuesday  in  the  month  I  think  we  may  hope  to  see  a  larger 
attendance  at  the  meetings  of  this  Society,  of  gentlemen  in- 
terested in  mining.  (Hear,  hear.)  Again  I  thank  you  for 
having  appointed  me  President,  and  I  trust  and  hope  that  we 
may  have  a  good  session.  If  I  may  be  allowed,  now,  I 
should  like  to  move  a  vote  of  thanks  to  our  late  President, 
Mr.  Dickinson,  who  always  takes  an  interest  in  whatever  he 
imdertakes,  and  who  during  the  many  years  I  have  known 
him,  has  had  a  desire  to  encourage  geology  and  mining  in 
this  district.  Mr.  Dickinson  does  in  earnest  any  work  that 
he  undertakes,  and  as  our  late  President  he  is  well  deserving 
of  our  thanks. 

Mr.  Stirrup  said:  I  have  much  pleasure  in  seconding  the 
proposition.  Mr.  Dickinson  is  one  of  our  most  industrious 
members, — whether  as  an  ordinary  member,  or  more 
prominently  as  President;  and  I  can  also  say  for  him  that 
his  attention  to  the  welfare  of  the  Society  is  not  exceeded 
by  that  of  anyone  connected  with  it.  He  has  been  present, 
I  may  say,  at  every  Council  meeting,  and  every  ordinary 
meeting  during  the  past  Session,  and  that  notwithstanding 
the  many  important  engagements  which  he  must  have  in 
connection  with  his  official  work.  This  devotion  to  duty 
ought  to  have  great  influence  with  other  members,  and  will, 
I  hope,  be  an  incentive  to  those  who  may  follow  in  his 
place. 

The  vote  of  thanks  was  put  to  the  meeting  and  carried 
unanimously. 
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Mr.  Dickinson  having  acknowledged  the  oompliment 
paid  to  him. 

The  President  made  a  few  remarks  on  the  work  of  the 
coining  session,  which  concluded  the  business  of  the  Annual 
Meeting. 


APPENDIX  TO  THE  REPORT. 


PRESENTATIONS  TO  THE  LIBRARY,  1887-88. 


Belfast  Natural  History  and  Philosophical  Society. — ^Report  and 
Proceedings  for  Session  1886-7  and  1874-75.  From  the 
Society, 

Bristol  Naturalists'  Society. — Proceedings,  Part  2,  Vol.  V.  From 
the  Society, 

Chesterfield  and  Midland  Counties  Institute  of  Engineers. — ^Trans- 
actions. Part  7,  Vol.  XIV.,  Parts  2-5,  Vol.  XVI.  From  the 
Institute, 

Cornwall. — ^Transactions  of  the  Royal  Geological  Society  of.  Part 
2,  Vol.  IX.     From  the  Society. 

Cornwall. — ^Royal  Institution  of.  Journal,  Part  2,  Vol.  IX.  I^om 
the  Council, 

Dublin. — Royal  Geological  Society  of  Ireland.  Journal,  Part  2, 
Vol.  XVIII.,  and  Vol.  VIII.  N.S.     F-om  the  Society, 

Edinburgh  Geological  Society. — ^Transactions.  Part  3,  Vol.  V. 
Catalogue  of  Library.     From  the  Society. 

Edinburgh  Royal  Physical  Society. — Proceedings,  Session  1886-87. 
F-om  the  Society. 

Edinburgh. — Royal  Society  of.  Proceedings  for  Sessions  1883-4, 
1884-5,  1885-6,  1886-7.     From  the  Society, 

Essex  Naturalist. — Nos.  9-12,  Vol.  I. ;  Nos.  1-6,  Vol.  II.  IVom 
the  Essex  Field  Club. 

Hertfordshire  Natural  History  Society  and  Field  Club. — Transac- 
tions.    Parts  7  and  8,  Vol.  IV.     From  the  Society, 

Leeds  Philosophical  and  Literary  Society. — Annual  Report,  1887-8. 
From  the  Society, 

Leicester  Literary  and  Philosophical  Society. — Transactions.  Parts 
4-7.     From  the  Society. 
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Liverpool  Geological  Associatioii. — Transactions.     Vol.  VII.,  Ses- 
sion 1886-7.     From  the  AMOciation. 

London  Geological  Society. — Quarterly  Journal.     Nos.  164,   169, 

172-174,  Vol.  XLIV. ;   list  of  Members,  November,   1887. 

From  the  Society. 
London  Geologists'  Association. — Proceedings.     Nos.  3-6,  Vol.  X. 

From  the  Association. 
London  Geological  Magazine. — Nos.  281-^289.     Purchased. 
London  Institute  of  Mechanical  Engineers. — Proceedings.     Nos. 

3-4,   1887;  No.  1,  1888;  Library  Catalogue ;  Subject  Index 

of  Papers,  1847-87.     From  the  Institute. 

London. — Iron  and  Steel  Institute.— Journal.    No.  2, 1887.    From 
the  Institute. 

London. — Palsdontograpbical  Society. — Vol.  XLI.,    1887.      Pur- 
chased. 

London. — Geological  Eecord.     1879.     Purchased. 

London. — ^Year  Book  of  Scientific  Societies.     1888.     Purchased, 

London. — ^Report  of  British   Association. — ^Manchester  Meeting, 

1887.     Presented  hy  the  Association. 
London. — Royal  Institution  of  Great  Britain. — Proceedings,  Part 

1,  Vol.  XII.     From  the  Institution. 
London. — Royal    Society. — Proceedings.       Parts    258-265,    Vol. 

XLIII.     Parts  266-267,    Vol.  XLIV.     From  the  Society. 
Manchester     Association    of    Engineers. — President's     Address; 

Pamphlet  by  W.  H.  Bailey.     From  the  Association. 
Manchester  Literary  and  Philosophical  Society. — Memoirs,  Vol. 

X.    Third  series.    Proceedings,  Vols.  25-26.    From  the  Society. 
Manchester  Field  Naturalists'  and  Archaeologists'  Society. — Report 

and  Proceedings  for  1887.     From  the  Society. 
Midland  Institute  of  Mining  Engineers. — Transactions.      Parts 

90-95,  Vol.  XI.     From  the  Institute. 
Newcastle-upon-Tyne. — North  of  England    Institute   of  Mining 

and    Mechanical   Engineers. — Transactions.      Part    4,    Vol. 

XXXVI. ;     Parts  1-4,  Vol.  XXXVII.     From  the  Institute. 
North  Staffordshire  Naturalists'  Field  Club. — Annual  Report  and 

Transactions,  1887.     From  the  Club. 
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Scotland. — Mining  Institute  of  Scotland. — Transactions.      Parts 

5-9,  Vol.  IX. ;   Parts  1-2,  Vol.  X.     Frtm  the  Council. 
South  Wales  Institute  of  Engineers. — Proceedings.     Parts  4-6, 

Vol.  XV.     From  the  Institute. 
Warwickshire  Naturalists'  Field  Club. — Proceedings,  1887.     From 

the  CM. 
Yorkshire    Geological    and    Poljrtechnic    Society. — Transactions. 

Part  3,  Vol.  IX.,  N.S.     Drom  the  Society. 
Organization  of  the  Fossil  Plants  of  the  Coal  Measures.     Parts 

13-14.      By   Professor    W.    C.   Williamson,   LL.D.,   F.R.S. 

From  the  Author. 
Uber  den  Einfluss  der  Luft-druck  Schwankungen  auf  die  Entwick- 

lung  von  Schlag^-ettem. — Pamphlet  from  Mr.  Dickinson. 

The  following  hooks  were  presented  hy  W.  Whittaker,  F.0.8. — 

Memoires  de  la  Soci6t6  G6ologique  duNord. — No.  3,  Vol.  I.,  1882. 
Sanitary  Institute  of  Ghreat  Britain. — Address  to  Section  3,  188G. 
Chester  Society  of  Natural  Science. — Fifth  Annual  Report,  1875-6. 
Miners'  Association  of  Cornwall. — Report  and  Proceedings,  1871, 

1872-3,  and  1874-5. 
Oeological  Survey  of  Alabama. — Report  for  1879-80. 
Annual  Report  Calif omian  State  Mineralogist,  1884. 

Ainn7AL  Refobts,  fbom  the  Comhittses. 

Cambridge  University. — Annual  Report  of  the  Library  Syndicate, 

1888. 
Liverpool  Free  Library  and  Museum. — 35th  Annual  Report. 
Manchester. — Owens  College. — Calendar.     1887-8. 
Oxford  University  Museum. — Catalogue  of  Transactions  in  Rad- 

cliffe  Library.     1887. 
Salford  Museum,  Libraries,  and  Parks.— Annual  Report. 

Cakada  akd  U.S.  America. 

Canada. — ^Montreal. — Mc. Gill  University.     New  Species  of  Fossil 

Sponges,  Canada.     IVom  Sir  J.  W.  Dawson. 
Canada. — Ottawa. — The  Canadian  Mining  Review.     No.  10,  Vol. 

V. ;  Nos.  2-6,  Vol.  VI.     From  the  Editor. 
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Canada. — Ottawa. — Geological  and  Natural  History  Survey  of 
Canada. — Annual  Report,  Vol.  II.,  1886.  From  A,  R,  C. 
Sehayn,  F.B.S.j  Director  of  the  Survey. 

Canada. — Canadian  Institute,  Toronto. — Proceedings.  Nos.  1-2. 
Yol.  Y.,  3rd  Series ;  Annual  Report,  1887.    From  the  Institute, 

Calif omian  State  Mineralogist. — 7tli  Annual  Report,  1887. 

U.S.A.,  Cambridge. — Harvard  College. — Annual  Report  of  the 
Curator  of  the  Museum  of  Comparative  Zoology,  1886-7. — 
Bulletin  of  the  Museum  of  Comparative  Zoology.  Nos.  5-9, 
Yol.  XIII.;  Yols.  XIY.  and  XY.,  Three  Cruises  of  the 
Blake  ;  No.  I,  Yol.  XVI.     JFVom  Alexander  Agassit. 

U.S.A.,  Denver. — Colorado  Scientific  Society. — Proceedings. 
Part  2,  Yol.  II.     From  the  Society, 

U.S.A.,  Indiana. — Geological  and  Natural  History  Survey  of. 
15th  Report,  1885-6.     From  John  CoUett,  State  Geologist. 

U.S.A.  Minnesota. — Geological  and  Natural  History  Survey  of. 
15th  Annual  Report  for  year  1886;  Bulletin,  Nos.  2-4.  From 
N,  H.  Wtnchelly  State  Geologist. 

U.S.A.,  New  York. — American  Institute  of  Mining  Engineers. — 
Transactions.  Index,  Yols.  I.-XY.  in  one  Yol.  From  the 
Institute, 

U.S.A.,  Philadelphia. — Academy  of  Natural  Sciences.  Proceed- 
ings. Part2,  April- August,  1887;  Part  3,  September-Decem  - 
ber,  1887.     From  the  Academy, 

U.S.A.,  Philadephia. — Journal  of  Franklin  Institute.  Nos.  742- 
744,  Vol.  CXXIY. ;  Nos.  745-750,  Yol.  CXXY.  From  the 
Institute, 

U.S.A.,  Philadelphia. — Pennsylvania  Geological  Survey.  Annual 
Report,  1886;  Part  1,  Coal  Regions;  Part  2,  Oil  and  Gas 
Regions,  with  Atlas ;  Atlas  of  Western  Middle  Anthracite 
Field  ;  Atlas  of  Bucks  and  Montgomery  Counties.  FVom  the 
Board  of  Commissioners, 

U.S.A.,  Shenandoah.— The  Colliery  Engineer.  Nos.  1-11,  Yol. 
YIII.     Fro7n  the  Editor, 

U.S.A.,  Washington. — ^United  States  Geological  Survey.  6th 
Annual  Report,  1884-5  ;  Mineral  Resources  of  United  States, 
1886.     From  the  Director  of  the  Survey, 
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U.S.A.,  Washington. — ^United  States  Geological  Survey.  Coal. 
By  Chas.  A.  Ashbumer.     IVom  the  Author, 

India. 

Calcutta. — Records  of  the  Geological  Survey  of  India.  Yols.  1-20, 
complete.  Part  1,  Vol.  XXI.  From  the  Governor  General  of 
India  in  Council, 

ArSTEALIA. 

Sydney. — Royal  Society  of  New  South  Wales.  Journal  and 
Proceedings.  Vol.  XX.,  1886  ;  Vol.  XXI.,  1887.  From  the 
Society, 

New  South  Wales. — ^Department  of  Mines. — Annual  Report,  1886. 
From  the  Government, 

Department  of  Mining. — Geological  Survey. — Geology  of  Veget- 
able Creek  Tin  Mining  Field,  1887.     From  the  Survey. 

Victoria. — Gk)ld  Fields  of.  Reports  of  Mining  Registrars.  30th 
June,  1887 ;   30th  September,  1887.     From  the  Government, 

Victoria. — Annual  Report  of  Mines  and  Water  Supply. 

Victoria. — ^Mineral  Statistics  of  1886.     From  the  Government, 

Victoria. — Natural  History  of.  Prodromus  of  the  Zoology. 
Decades  1-15.  From  Fred.  McCoy,  F.E,S.,  Director  of  the 
Victoria  Museum,  Melbourne. 

New  Zealand. — Reports  of  Mining  Industries,  1887.  IVom  the 
Government, 

FOBEION. 

Berlin. — Zeitschrift  der  Deutschen  Geologischen  Q«sellschaft.  Heft 

2-4,  Band  XXXIX.     From  the  Society, 
Brussels. — Soci6t6  Malacologique  de  Belgique.     Proc^s-Verbaux, 

July  to  December,  1887.     IVom  the  Society. 
Buenos   Ayres. — Dates   Annales   del   Comercio   Exterior.      Nos. 

55-56,  1887.     From  the  Goverment, 
Halle,  a/S. — Vereins  fur  Erdkunde,  1887.     F^om  the  Society, 
Lausanne  :   Bulletin  de  la  Soci6te  Vaudoise  des  Sciences  Naturelles. 

Nos.  96-97,  Vol.  XXIII.     FVom  the  Society, 
Paris. — Revue   de  le  Legislation  des    Mines.      July-December, 

1887  ;  January-June,  1888.     Purchased, 


26 

Pisa. — Atti  della  Societa  Toscana  di  Scienze  Natural!.     Memorie. 

Fasc.  2,  Vol.  VIII. ;   Processi  VerbaU,  Vol.  VI.     From  the 

Society, 
Boma. — ^Atti  della  Beale  Accadcmia  del  Lincei.    Eendiconti.   Fasc. 

4-13,  Vol.  III. ;  Fasc.  1-8,  Vol.  IV.     From  the  Academy, 
St.  Petersbourg. — Academie  Imperiale  des   Sciences.      Bulletin. 

No.  4,  Tome  XXXI. ;  No,  1,  Tome  XXXII.      Memoires. 

Nos.  2-10,  Tome  XXXV.     From  the  Academy. 
St.  Petersbourg.  —  Institut    des    Mines.       Gomit6    Geologique. 

Memoires.     Nos.  4-5.,  Vol.  II. ;  No.  8,  Vol.  III. ;  Bulletins : 

Parts   8-10,   Vol.   VI.;    Supplement,   Vol.    VI.      From   the 

Minister  of  Bomaine. 
Stettin. — Jahresbericbt  des  Vereins  fiir  Erdkunde,  1 887.     FVom  the 

Society, 
Wien. — Bericht   13    Vereinsjahr  verein  der  Geographen,    1887. 

From  the  Society, 


BOOKS    PURCHASED,    1887-8. 

Geological  Magazine. 

Geological  Record  for  1879. 

Natural  History  of  New  York :    Palaeontology.     By  James  Hall. 

Vols.  I.-V.  in  7  Vols. ;  Text  and  Plates. 
Palseontographical  Society's  Monograph.     Vol.  XLI.     1887. 
Revue  de  la  Legislation  des  Mines.     Paris. 
Year  Book  of  Scientific  and  Learned  Societies.     1888. 


SodETEBS  WITH   WHOV   THE    SoCIETT    EXCHANGES    ITS   TaAXSACTIOIfB, 

AJSTD  Institutions  and  Joubnals  to  whom  a  Copt  is  sent  pbeb. 

I. — England. 

London British  Museum. 

Geological  Society,  Burlington  House,  W. 
Geological  Survey,  Jermyn  Street,  S.W. 
Geologists*    Association,    University    College, 
Gower  Street,  W.C. 
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Institute  of  Mechanical    Engineers,    Victoria 

Street,  S.W. 
Iron  and  Steel  Institute,  Victoria  Mansions,  S.  W. 
Eoyal  Institution  of  Great  Britain. 
Eoyal  Society,  Burlington  House,  W. 

ManeheiUr   The  Manchester  Association  of  Engineers,  18, 

Hullard  Street,  Old  Trafford. 
Field  Naturalists'  Society,  16,  Kennedy  Street. 
Free  Library,  King  Street. 
Literary  and  Philosophical  Society. 
Owens  College. 

Salford  Eoyal  Museum  and  Library. 
Scientific   Students'   Association,    36,    George 
Street. 

Banuley Midland  Institute  of  Mining  Engineers. 

Birmingham Free  Library  and  Museum. 

South   Stafiordshire  and  East  'Worcestershire 
^  Institute  of  Mining  Engineers,  Burlington 

Chambers,  New  Street. 

Bristol Naturalists'  Society,  Clifton. 

Cambridge    Geological  Museum,  University. 

University  Library. 

OhssUr Society  of  Natural  Science. 

Cheit&rfield Institute  of  Mining  Engineers. 

Cornwall Royal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 

ramhnrtui  \  ' ' '  '^"^^^S  Association  and  Institute  of  Cornwall. 

JSssex    Essex  Field  Club,   8,  Knighton  Villas,  Buck- 
hurst  HiU,  Essex. 

£xeUr Albert  Memorial  Museum. 

JECaUfax    Geological  and  Polytechnic  Society  of  Yorkshire. 

Leeds    Philosophical  and  Literary  Society. 

Yorkshire  Naturalists'  Union  (W.  D.  Roebuck, 
Esq.,  Sunny  Bank). 
Leicester Literary  and  Philosophical  Society. 
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Liverpool Free  Libraiy  and  MuBeum. 

Geological  Associatioii,  Free  Library,  William 

Brown  Street. 
Geological  Society. 
I^ewcastU'On'Tyne., l^orth  of  England  Institute    of    Mining  and 

Mechanical  Engineers. 
North    Staffordshire  Naturalists'    Field    Club 
(Rev.  T.  W.  Daltry,  M.A..  F.G.S.,  Madeley 
Vicarage). 

Norwich   Geological  Society,  Museum. 

Oxford Bodleian  Library. 

Radcliffe  Library. 

North  Shields Public  Free  Library. 

Stokfi-on-lVent ,.,  .North.   Staffordshire   Institute  of   Mining    and 

Mechanical  Engineers. 

Swansea   South  Wales  Institute  of  Mining  and  Mechanical 

Engineers. 

Warwick Natural  History  Society. 

Watford,  Herts    .  .Hertfordshire    Natural    History    Society    and 

Field  Club,  the  PubHc  Library,  Watford. 

Wigan Free  Library. 

Mining  School. 

II. — Scotland. 

Dundee Free  Library  and  Museum. 

Edinburgh    Advocates'  Library. 

Geological  Society. 

Eoyal  Society. 

Boyal  Physical  Society. 
Glasgow Geological  Society. 

Natural  History  Society. 
Hamilton Mining  Institute  of  Scotland. 

III. — Ikelani). 

Dublin Eoyal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 

Trinity  College  Library. 
Belfast Natural  History  Society,  The  Museum. 
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I V. — ^Australia. 

Melbourne Geological   Society    of    Australasia     (Phoenix 

Chambers,   Market  Street). 
Public  Library  of  Victoria. 

Sydney  Free  Public  Library. 

Boyal  Society  of  New  South  Wales,  37,  Eliza- 
beth Street. 

Y. — Ganajda. 

SamiUon Hamilton  Association. 

Ottawa Geological    and    Natural    History    Survey   of 

Canada  (A.  E.  C.  Selwyn,  F.G.S.,  Director, 
Museum,  Sussex  Street,  Ottawa). 

M^Gill  CoUege  (Principal,  Sir  J.  W.  Dawson, 
F.G.S.) 

Editor  of  Canadian  Mining  Beriew. 

Toronto Canadian  Institute. 

VI. — United  States. 

Boston^  U.8 Free  Library. 

C^  r      '  TTS      I  ^®  Elisha  Mitchell  Scientific  Society. 

Columbw,  U.S, . .  .Ohio,  Geological  Survey  of  (Professor  Edward 

Orton,  State  Geologist). 

Denver Colorado  Scientific  Society,  Denver,  Colorado. 

Indiana,  U.S Department  of  Geology  and  Natural  History. 

IndianopoUsy  U',8,,'E,T,  Cox,  State  Geologist. 

Newhaven,  U.S.  .  .Professor  0.  C.  Marsh,  F.G.S. 

I^ew  York,  U.S.  .  .American  Institute  of  Mining  Engineers  (E.  W. 

Raymond,  Box,  223,  New  York  City). 
New  York    American  Museum  of  Natural  History,  Central 

Park. 
Fhiladetphia,  U.S.. Academy  of  Natural  Sciences. 

Franklin  Institute. 
Shenandoah,  Fa.  .  .Editor  of  the  Colliery  Engineer. 
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WashttMfton,  U.S.  .Department  of  the  Interior.    U.S.  Geologioal 

Survey. 
Smithsonian  Institution. 
Wyoming,  U,8.   .  .Historical  and  Geological  Society. 

VII. — FoREiair  Soctbtieb. 

Berlin Deutsche  Geologische  G^sellschaft. 

Bru$9$l»    Society  Boyale  Malacologique  de  Belgique. 

Btienos  AyrM  ....  Officiana  Nacional  de  Commercie. 

Calcutta   G^logical  Survey  of  India. 

Christiania Royal  University  of  Norway. 

Dresden    Naturwissenschaltliche  G^ssellschaft  Isis. 

Hdlle,  A, 8 Verein  far  Erdkunde. 

Die  Kaiserliche  Leopold.   Carol.    Deutsche  Aka- 

demie  der  Natorforscher. 
Kieff,  Busiia    ....  La  Societe  des  Naturalistes. 
Lausanne  (Suisse).  .Soci6te  Yaudoise  des  Sciences  Naturelles. 

Lille Societ6  Geologique  du  Nord. 

Naples Royal    Society  of    Sciences,   Bihlioth^que  de 

rUniversite  de  Naples. 
Pisa Societa  Toscana  di  Scienzc  Naturali,  Museo  di 

Storia-Naturale. 
Rio  de  Janeiro  ....  Museo  Nacional. 

Rome    Reale  Accademia  dei  lincei. 

St,  Petersburg  . . .  .Academic  Imperiale  des  Sciences. 

Institut  des  Mines.     Comit6  Geologique. 
Tkirin    Academic  Royale. 

VIII. — ScrElTTIFIC    JOUBKALS,     &C. 

Geological  Record,  Mining  Journal,    Colliery   Guardian,  Iron  and 
Coal  Trades  Review,  342,  Strand,  W.C. 
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PAST  PRESIDENTS  OF  THE  SOCIETY. 


Year  of  Election. 


1838-9-40 

1841-2-3,  49-50-1 

1843-4-5,  55-6-7 

1845-6-7 

1847-8-9 

1851-2-3 

1853-4-5 

1857-8-9,  65-6-7 

1859-60-1 

1861-3,77-8,87-8 

1863-4-5 

1867-8-9,  84-5 

1869-70-1,  82-3 

1871-2-3 

1873-4 

1874-5,  6-7,  86-7 

1875-6 

1878-9 

1879-80 

1880-1 

1881-2 

1883-4 

1885-6 


Egerton,  The  Rt.  Hon.  Francis,  M.P. 

Heywood,  James,  F.R.8.,  F.G.S. 

Egerton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P. 

Mosley,  Sir  Oswald,  Bart. 

Thicknesse,  Ralph,  M.P.,  Wigan. 

Black,  James,  M.D.,  F.G.S. 

Ormerod,  G.  W.,  M.A.,  F.G.S. 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

Kay-Shnttleworth,  Sir  J.  P.,  Bart.,  M.P. 

Dickinson,  Joseph,  F.G.S. 

Knowles,  Andrew 

GreenweU,  G.  C,  F.G.S. 

Aitken,  John,  F.G.S. 

Knowles,  John,  M.Inst. C.E. 

Knowles,  Thomas,  M.P. 

Dawkins,  Professor  W.  Boyd,  F.R.S.,  F.G.S. 

Smith,  R.  CHfford,  F.G.S. 

Forhes,  John  Edward,  F.G.S. 

Lindsay,  Lord,  F.R.S. 

Kay-Shuttleworth,  Sir  XJghtred  J.,  Bart. 

Gilroy,  George,  M.Inst. C.E. 

Pilkington,  Edward,  J.P. 

Ormerod,  Henry  Mere,  F.G.S. 
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LIST    OF    MEMBERS. 


OCTOBEB,    1888. 


The  Names  of  Honorary  Members  are  printed  in  Italiet, 
^Members  who  have  compounded  for  the  ATmnal  Subscription. 


Year  of 
Election. 


1877 
1874 
1884 
1884 
1879 

1878 
1877 
1878 

1881 

1885 
1875 

1880 

1877 
1885 
1881 

1867 
1880 

1887 
1878 


Adamson,  Daniel,  F.G.S*,  The  Towers,  Didsbnry. 
Agassiz,  Alexander,  Cambridge,  Massachusetts,  U.S.A. 
Ainsworth,  John,  Colliery  Offices,  Walkden,  Bolton. 
Aldred,  James,  Withins  Lane  Colliery,  EadclifEe. 
Airandale,  John  Thomas,  231,  Ince  Green  Lane,  Lower 

Ince,  near  Wigan. 
Ashworth,  Thomas,  28,  Deansgate,  Manchester. 
Atherton,  James,  16,  Acresfield,  Bolton. 
Atkinson,  W.  N.,  H.M.  Inspector  of  Mines,  ShincliflFe  Hall, 

Durham. 
Aubrey,  Richard  Charles,  Standish,  near  Wigan. 

Barker,  Israel,  319,  Whit  Lane,  Pendleton. 

Barrett,  W.  S.,  New  Hall,  41,  Old  Hall  Street,  Liverpool, 
Member  of  Council. 

Barton,  Bichard,  jun.,  Westleigh  Lodge,  Leigh,  near  Man- 
chester. 

Beswick,  James,  Shakerley  Collieries,  Tyldesley. 

Bickerton,  Charles  W.,  Hazel  Grove,  near  Stockport. 

Black,  W.  G.,  r.R.C.S.Ed.,  F.G.S.Ed.,  2,  George's  Square, 
Edinburgh. 

Bolton,  H.  H.,  Newchurch,  near  Manchester. 

Bolton,  H.  H.,  jun.,  Baxenden,  Accrington.     Member  of 
Council, 

Boole,  George,  Eainford  Colliery,  near  St.  Helens. 

Bradford,  The  Bight  Hon.  the  Earl  of,  Weston  Park,  near 
Shi&al. 
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Year  of 
Blaction. 


1886 

1878 
1877 
1877 
1861 
1880 

1859 
1881 
1882 

1875 
1878 


1882 
1884 
1887 
1887 
1881 
1882 
1886 
1882 
1878 

1878 

1883 
1879 

1862 
1869 


Bramall,  Henry,  M.Inst.G.E.y  Shade  House,  Pcndlebuiy, 
Manchester.     Vice-President. 

Brocklehurst,  Thomas,  Eumworth  Colliery,  Dean,  Bolton. 

Broeekj  Emeet  Van  den,  124,  Eue  Terre  Neuve,  Brussels. 

Brongnia/rt  CharleSy  E.E.S.,  8,  Eue  Guy-de-la-Brosse,  Paris. 

Brooks,  Thomas,  Grawshaw  Hall,  Eawtenstall. 

Brown,  Wm.   Speakman,   33,   Trafalgar  Eoad,   Birkdale, 
Southport. 

Bryham,  William,  J.P.,  Ince  Hall,  Wigan. 

Bryham,  William,  jun.,  Douglas  Bank  Colliery,  Wigan. 

Burnett,  E.  T.,  F.G.S.,  34,  Belmont  Street,  Southport. 
Member  of  Council, 

Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 

Burrows,  John  8.,  Yew  Tree  House,  Atherton,  near  Man- 
chester.    Vice-President, 

Caldwell,  George,  Moss  Hall  Collieries,  Wigan. 
Campbell,  H.  H.,  Surveyor,'  Hardshaw  Street,  St.  Helens. 
Campbell,  W.  M.,  Sutton  Heath  Collieries,  St.  Helens. 
Chandley,  Charles,  Atherton,  near  Manchester. 
Clark,  Christopher  F.,  Park  Lane  Collieries,  Wigan. 
Clark,  George,  Mining  Engineer,  Newton-le- Willows. 
Clifford,  William,  Norton  Woodseats,  Sheffield. 
Cookson,  Charles,  King  Street,  Wigan. 

Cooke,  Charles,  Victoria  Terrace,  Station  Street,  Cannock, 
Staffordshire. 

Cowbum,   Henry,    253,  West  Leigh  Lane,  West  Leigh, 
near  Manchester. 

Crankshaw,  Joseph,  Montcliffe  Colliery,  Horwich. 

Crawford  and  Balcarres,   The  Bight    Hon.  the  Earl  of, 
Haigh  Hall,  Wigan.     Past- President. 

Cross,  John,  77,  King  Street,  Manchester. 

Dawkins,  Professor  W.  Boyd,  M.A.,  F.E.S.,  F.G.S.,  F.S.A., 
The  Owens  College,  Manchester.     Past-President. 
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Year  of 
Election. 


1877 

1862 
1856 

1879 

1877 
1852 

1884 
1878 
1838 
1865 

1880 
1863 
1873 
1875 
1868 

1873 
1884 
1874 

1856 

1882 
1878 
1882 
1882 
1863 
1874 
1879 


Be  Eanee^  C,  My  F.G-.S.,  Geological  Survey,  Jermyn  Street, 

London^  S.W. 
♦Derby,  The  Eight  Hon.  the  Earl  of,  Knowsley,  Liverpool. 
Dickinson,  Joseph,  P.G.S.,  H.M.  Inspector  of  Mines,  South 

Bank,  Pendleton.     Past-Pretident. 
Drinnan,  Bichard,  Outwood  Colliery,  near  Manchester. 

Edmondson,  Thomas,  Cli vigor  Collieries,  near  Bnmley. 
Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Old  Hall,  near 

Manchester. 
Elce,  George,  Altham  Colliery,  Whalley  Road,  Accrington. 
Ellesmere,  The  Right  Hon.  the  Earl  of,  Worsley. 
Ernhhton  T,  W,^  The  Cedars,  Methley,  Leeds. 
Evans,  Walter,  Longsight,  Oldham.     Member  of  Council, 

Fairclough,  William,  Leigh,  near  Manchester. 

Farrar,  James,  12,  Market  Street,  Bury. 

Fletcher,  Herbert,  The  Hollins,  Bolton. 

Fletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Manchester. 

Fletcher,  Thomas,  Haulgh,  Bolton. 

Grarforth,  W.  E.,  Halesfield,  Normanton. 

Garside,  Sampson,  Denton  and  Haughton  Collieries,  Denton. 

Oeikie,    Archibald,    LL.D.,    F.R.S.,    Geological    Survey, 

Jermyn  Street,  London,  S.W. 
Gilroy,  George,  M.Inst.C.E.,  Woodlands,  Parbold,  Wigan. 

Past' President. 
Glover,  B.  B.,  Haydock,  near  St.  Helens. 
Greener,  W.  J.,  Pemberton  Colliery,  Wigan. 
Greenhalgh,  Robert,  Engineer,  Atherton,  near  Manchester. 
Gresley,  W.,Stukeley,  F.G.S.,  Overseal,  Ashby-de-la-Zouch. 
Greenwell,  G.  C,  F.G.S.,  Duffield,  Derby.     Past-President, 
Greenwell,  G.  C,  jun.,  F.G.S.,  Poynton,  near  Stockport. 
Greenwood,  John,  jun.,  Ashton  Moss  Colliery,  Audenshaw, 

Manchester. 
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of 
Bleotlon. 


1879 

1883 
1880 

1888 

1877 
1879 


1887 

1888 
1881 
1877 
1861 
1864 
1874 

1882 
1878 

1875 
1883 
1838 

1862 
1876 
1881 
1885 
1878 
1877 
1878 

1884 


Gregson,  Edward,  11,  Chapel  Street,  Preston. 
GFreensmith,  T.,  Moston  Colliery,  Failaworth,  Manchester. 
Grimke,   Theodore  Drayton,    Golbome  Hall,   Newton-le- 

Willows. 
Gnindy,  James,  H.M.  Inspector  of  Mines,  Gordon  Honse^ 

343,  Derby  Street,  Bolton. 
Ghrondy,  H.  T.,  Colliery  Surveyor,  EadclifTe. 
Ouihal,   Theophile,   Professeur  d' Exploitation  des    Mines. 

Mens,  Belgium. 

Hallas,  Geo.  H.,  Wigan  and  Whiston  Coal  Company,  Ltd., 
Frescot. 

Hall,  Jonathan,  Clifton  Hall  Colliery,  Clifton,  Manchester. 

Hall,  Henry,  H.M.  Inspector  of  Mines,  BAinhill,  Prescot. 

Handsley,  Robert,  Burnley  Colliery  Offices,  Burnley. 

Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan. 

Hardwick,  C,  72,  Talbot  Street,  Moss  Side,  Manchester. 

ffawkshaw,  Sir  John,  Knight,  F.E.S.,  33,  Great  Gborge 
Street,  Westminster,  S.W. 

Heathcote,  William,  Famworth,  near  Bolton. 

Hedley,  John  L.,  H.M.  Inspector  of  Mines,  Flookersbrook^ 
Chester. 

Hetherington,  Joseph,  22,  Booth  Street,  Manchester. 

Hewitt,  John  B.,  Mining  Engineer,  Derby. 

*Heywood,  James,  F.R.S.,  F.G.S.,  36,  Kensington  Palace. 
Gardens,  London,  W.     Fast-President, 

Heywood,  Oliver,  Claremont,  Pendleton. 

Higson,  John,  F.G.S.,  18,  Booth  Street,  Manchester. 

Hilton,  James,  Wigan  Coal  and  Iron  Company,  Wigan. 

Hindley,  C.  E.,  Polygon,  Eccles. 

Holden,  Charles  H.,  Mawdsley  Street,  Bolton. 

Holding,  William,  Cossall  Colliery,  near  Nottingham. 

Hollingworth,  George  H.,  F.G.S.,  12,  King  Street,  Man- 
chester.    Mbn.  Secretary. 

Howat,  Andrew,  25,  Mill  Street,  Ancoats,  Manchester. 
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Year  of 
Blection. 


1887 

1884 
1874 


Hughes,  James,  Astley  and  Tyldesley  Goal  and  Salt  Co., 

Limited,  Tyldesley. 
Hughes,  Owen,  Limehurst,  Ashton-under-Lyne. 
ffuU,  Professor  Edward,  M.A.,  F.E.S.,  5,  Raglan  Eoad, 

Dublin. 


1887 

1878 

1887 
1883 
1883 
1884 
1879 
1884 
1882 
1844 

1885 
1879 

1856 

1859 

1882 
1877 
1886 

1884 
1862 

1877 
1877 


Jackson,  Andrew,  Manager,  Collins  Green  and  Bold  Collieries, 
Newton  -le- Willows. 

Jackson,  Charles  G.,  Hartford  House,  Wemeth,  near  Man- 
chester. 

James,  J.  Stanley,  M.E.,  Leigh,  Lancashire. 

Jobling,  Albert,  Spring  Wood  House,  Burnley. 

Jobling,  Henry,  Spring  Wood  House,  Burnley. 

Jobling,  John,  Barcroft,  Cliviger,  Burnley. 

Johnson,  Isaiah,  New  Colliery,  Westhoughton,  Bolton. 

Johnson,  M.  G.,  Westholme,  Alsager,  Cheshire. 

Johnson,  William,  Abram  Colliery,  Wigan. 

♦Joule,  J.  P.,  LL.D.,  F.E.S.,  12,  Wardle  Eoad,  Sale. 

Kearsley,  William,  115,  Manchester  Eoad,  Tyldesley. 
Kinahan,  G>  ^.,  M.E.I.A.,  132,  Leinster  Eoad,  Eathmines, 

Dublin. 
Knowles,  Andrew,  Swinton  Hall,  Swinton,  near  Manchester. 

Past'President. 
Knowles,  John,  M.InBt.C.E.,  J.P.,  Westwood,  Pendlebury, 

President, 
Knowles,  Israel,  Ince,  Wigan. 

Knowles,  Lees,  M.A.,  LL.M.,  M.P.,  Westwood,  Pendlebury. 
Knowles,  Eobert,  Amcliffe,  Cheetham  Hill. 


Leech,  A.  H.,  Brinsop  Hall  Colliery,  Wigan. 
Livesey,     Clegg,    Bradford    Colliery,    Manchester. 

Auditor, 
Livesey,  Thomas,  Bradford  Colliery,  Manchester. 
Lord,  James,  Hill  House,  Eochdale. 


S9n. 
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Year  of 
Blectl<m. 


1879 


1884 


1884 

1881 
1873 

1883 
1885 

1887 

1876 

1874 

1878 
1885 

1878 

1887 
1888 
1838 

1838 

1874 


1880 
1876 


Lupton,  Arnold,  F.G.S.,  M.Inst.C.E.,  6,  De  Grey  Eoad, 

Leeds. 
Lyon,    Edwardy  Ashton's  Green    Collieries^   St.   Helens, 

Lancashire. 

McAdoo,  John,  Colliery  Manager,  Hendreforgan  Colliery, 

Ystalyfera,  South  "Wales. 
McAlpine,  G.  W.,  Whinney  Hill  Colliery,  Accrington. 
Ifartin,  Joseph  S.,  F.G.S.,  H.M.  Inspector  of  Mines,  Durd- 

ham  Park,  Clifton,  Bristol. 
Mather,  William  Penn,  Iron  "Works,  Salford. 
Mawson,  Robert  Bryham,  Sorereign  Colliery,  Westleigh, 

Leigh,  near  Manchester. 
Meadows,  Christopher,  EUerbeck  Collieries,  Limited,  near 

Adlington,  Lancashire. 
Moore,  Alfred,  C.E.,  Queen's  Chambers,  "No.  2,  Bidgefield, 

Manchester. 
Morton,  O.  -fiT.,  F.G.S.,  209,  Edge  Lane,  LiverpooL 

Kail,  Simon,  Newbold,  Bochdale. 

Newton,  Charles  Edward,  C.E.,  F.G.8.,  Carlton  Buildings, 

Cooper  Street,  Manchester.     Mtniber  of  Council. 
Nelson,  William,  Abram  Colliery,  Bickershaw,  near  Wigan. 

Oldham,  Thomas,  Holmeficld,  Sale. 

Oliver,  Samuel  A.,  King  Street,  Wigan. 

Ormerodj  G,  W.,  M.A.,  F.G.S.,  Wood  way,  Teignmouth. 
Past' President. 

Ormerod,  H.  M.,  F.G.S.,  5,  Clarence  Street,  Manchester, 
Mbn.  Treasurer  and  Past-President. 

Owen,  Sir  Richard,  D.C.L.,  F.R.S.,  Sheen  Lodge,  Rich- 
mond Park,  London,  S.W. 

Parr,  Thomas,  Westleigh,  Leigh,  near  Manchester. 
Peace,  George,  Monton  Grange,  Eccles.     Viee-Presidewt. 
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Year  of 
Blection, 


1883 

1877 
1877 
1884 
1873 

1879 

1873 

1877 

851 

1887 


1867 

1874 

1860 
1882 
1884 


Peace,  George  Henry,  Monton  Grange,  Eccles.     Mmb&r  of 

Council, 
Peace,  Maskell  W.,  F.G.S.,  Wigan. 
.Pickup,  Peter  Wright,  Eisliton,  near  Blackburn. 
Piggott,  I.,  Carlton  Villa,  Lathom,  near  Ormskirk. 
Pilkington,   Alfred,   Clifton  Collieries,   near  Manchester. 

Mbn,  Auditor, 
Pilkington,  Charles,  The  Headlands,  Prestwich,  Manchester. 

Member  of  Council, 
Pilkington,  Edward,  J.P.,  Clifton  Collieries,  near  Manchester. 

Past-Preeident. 
Place,  W.  H.,  Hoddleston  Collieries,  Darwen. 
Plant,  John,  F.G.S.,  Royal  Museum,  Peel  Park,  Salford. 
Piatt,  Samuel  Sydney,  Assoc.M.Inst.C.E.,  14,  King  Street 

South,  Eochdale. 

Radcliffe,  James,  F.G.S.,A8tley  Deep  Pit,  Dukinfield;  108, 
King  Street,  Dukinfield.     Member  of  Council, 

Eamsai/f  Sir  A,  (7.,  LL.D.,  P.R.S.,  &c.,  &c.,  15,  Cromwell 
Crescent,  South  Kensington,  S.W. 

Bidyard,  John,  Walkden,  Bolton. 

^g^y»  WilHam,  Leader's  Buildings,  King  Street,  Wigan. 

Boscoe,  James,  Little  Hulton,  Bolton. 


1887  Saint,   William,  H.M.,   Inspector  of  Mines,    24,   George 
Street,  Cheetham  Hill.     Member  of  Council, 

1888  Scarborough,  George  Edward,  Colliery  Manager,  New  Town 
and  Meadows  Collieries,  Wigan. 

1880     *Schofield,    Christopher  James,    Whalley  Yilla;    Whalley 

Ban  go,  Manchester. 
1887      Scott,  Frederic  W.,  Atlas  Works,  Beddish,  near  Stockport. 
1866      Selby,  Atherton,  Mining  Engineer,  Leigh. 
1882     Settle,  Joel,  Madeley  Coal  &  Iron  Co.,  Limited,  Madeley, 

near  Newcastle,  Staffordshire. 
1878      Settle,  Miles,  Snow  Hill,  Darcy  Lever,  near  Bolton. 
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Year  of 
Election. 


1884 
1877 

1884 
1879 
1864 
1881 
1873 

1888 

1866 
1881 
1886 
1880 
1881 

1859 


1880 


1882 


ShaWy  David,  Norbury  Moor,  near  Stockport. 
Shuttleworth,  Sir  Ughtred  J.  Kay-,  Bart.,  Gawthorpe  Hall, 

Burnley.     Fast-President 
Simpson,  W.  W.,  Winkley,  near  Whalley,  Blackburn. 
Sixsmith,  John,  Syndale  Hall  Colliery,  Chequerbent,  Bolton. 
♦Smethurst,  William,  F.G.S. 
Smith  John,  Bickershaw  Collieries,  Westleigh. 
♦Smith,    R.   Clifford,    F.G.S.,   Ashford    Hall,   Bakewell. 

Past' President, 
Smith,  Sydney  Arthur,  J.  &  P.  Higson,  18,  Booth  Street, 

Manchester. 
Sopwith,  Arthur,  F.G.S. ,  Cannock  Chase  Collieries,  Walsall. 
Southworth,  Thomas,  Hindley  Green  Collieries,  Wigan. 
Speakman,  Harry,  Bedford  Collieries,  Leigh,  Lancashire. 
Speakman,  John,  The  Walmsleys,  Leigh,  near  Manchester. 
Squire,   J.   B.,   A  Inst.C.E.,    1,    Sibella  Koad,    Clapham, 

London,  S.W. 
Statter,  Thomas,  Stand  Hall,  Bury. 
Stechert,  G.  E..  26,  King  William  Street,  Strand,  London, 

W.C. 
Stirrup,    Mark,   F.G.S.,   High    Thorn,    Stamford    Road, 

Bowdon.     Hon.  Secretary. 
Stopford,   T.  R.,  Swan   Lane   Brick  and  Coal  Company, 

Hindley  Green,  near  Wigan. 


1881      Taylor,  Alfred,  Norley  Collieries,  Wigan. 

1880  Teale,  William  E.,  Sindsley  House,  Swinton,  near  Man- 
chester. 

1 884     Toman,  Daniel,  Chamber  Colliery,  Oldham. 

1877  Tomlinson,  Thomas,  3,  Richmond  Terrace,  Whitehall, 
London,  S.W. 

1873  Tonge,  James,  F.G.S.,  Woodbine  House,  Westhoughton, 
near  Bolton.     Member  of  Council, 

1876     Topping,  Walter,  Bamfurlong  Collieries,  near  Wigan. 


40 


Year  of 
Election. 


1886 


1876 
1879 

1887 
1882 
1882 
1886 
1888 
1879 
1879 
1885 
1880 
1878 

1877 
1884 
1867 

1880 

1886 

1876 

1886 
1876 


♦Trafford,  Sir  Humphrey  FrandB  De,  Bart.,  Trafford  Park, 
Manchester. 


TJnsworth,  John,  Scot  Lane  Collieries,  Wigan. 
Unsworth,  Bichard,  Mesne  Lea  Colliery,  Worsley. 

Walkden,  Richard,  Colliery  Manager,  Darwen. 

Walker,  T.  A.,  Pagefield  Iron  Works,  Wigan. 

Wall,  Henry,  11,  King  Street,  Wigan. 

Wallwork,  John,  Clifton  Moss  Colliery,  CHfton,  Manchester. 

Walmesley,  Oswald,  30,  Connaught  Square,  London,  W. 

Walshaw,  John,  Astley  and  Tyldesley  Collieries,  Tyldesley. 

Warburton,  William,  High  Lane,  near  Stockport. 

Ward,  Thomas,  Brookfield  House,  Northwich. 

Watts,  William,  F.G.S.,  Piethome,  Rochdale. 

WeUs,   Samuel    B.,    General  Manager  Bengal  Coal   Co., 

Limited,  Raniganj,  India. 
West,  T.  E.,  65,  Wemeth  Hall  Road,  Oldham. 
Whitehead,  John,  Chorley,  Lancashire. 
Wild,  George,  Albert  Street,  Bardsley,  Ashton-under-Lyne. 

Member  of  Council, 
Williams,  E.  Leader,  M.Inst. C.E.,  Manchester  Ship  Canal 

Co.,  Deansgate,  Manchester. 
Willtamson,  Professor  W.  C,  LL.D.,  F.R.S.,  Egerton  Road, 

Fallowfield. 
Winstanley,   Robert,   28,   Deansgate,   Manchester.     Fi#»- 

President. 
♦Wood,  Guy,  71,  King  Street,  Manchester. 
Woodward,  H.   A.,  Oakwood,  Clifton,   near  Manchester. 

Memher  of  Council, 


Members  are  requested  to  communicate  to  the  Hon,  Secretaries  all 
changes  of  address,  also  any  corrections  or  omissions  in  the  list. 


TRANSACTIONS 

07  THX 

MANCHESTER    GEOLOGICAL    SOCIETY. 


Pabt  II.  YoL.  XX.  SsssioK  1888-9. 

The  Ordinary  Meeting  of  tlie  Members  was  lield  on 
Tuesday,  NoYember  IStliy  1888,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

The  President,  John  Knowles,  Esq.,  M.Inst.C.E., 

in  the  Chair. 


NEW  MEMBER. 


Dr.  J.  W.  AsHwoRTH,  Thorn  Bank,  Heaton  Moor,  was 
balloted  for  and  duly  elected  an  Ordinary  Member  of  the 
Society. 


Mr.  Mark  Stirrup  (Hon.  Sec.)  stated  that  he  had  one 
or  two  announcements  to  make  before  the  ordinary  business 
was  proceeded  with.  He  had  received  a  circular  from  the 
Committee  on  Science  and  Arts  of  the  Franklin  Institute, 
of  the  State  of  PennsylYania,  requesting  that  the  members 
might  be  informed  that  the  Committee  was  empowered  to 
award,  or  to  recommend  the  award  of  certain  medals  for 
meritorious  discoYcries  and  iuYentions  tending  to  the 
progress  of  the  Arts  and  Manufactures.  Particulars  as  to 
these  medals  were  given  in  the  circular  which  was  at  the 
service  of  any  member. 
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A  circular  had  also  reached  him  from  one  of  the  com- ' 
mittees  of  the  British  Association — the  Committee  appointed 
to  arrange  an  Investigation  of  the  Seasonal  Yariations  of  * 
Temperature  in  Lakes,  Rivers,  and  Estuaries  in  various  parte ; 
of  the  United  Kingdom.  It  was  proposed  to  enrol  volunteer  ] 
observers  immediately  with  a  view  to  the  commencement  of  i 
observations  in  January,  and  the  help  of  the  Society  or  of  v; 
its  individual  members  was  solicited  to  aid  in  carrying  out  t 
this  important  inquiry. 


ON    THE    COAL    TRADE. 
By  Mr.  John  Knowles,  M.Inst.C.E.,  J.P. 


It  is  now  15  years  since  I  had  the  honour  of  being 
President  of  the  Manchester  Geological  Society — and  it 
at  the  time  when  the  Society  availed  themselves  of  the  offc 
made  by  the  Literary  and  Philosophical  Society  to  use  thei] 
rooms,   which   I   am  sure  has  been   appreciated    by 
Members. 

During  my  term  of  office,  which  extended  from  Noveml 
1871,  to  November,  1873, 1  read  Papers  on  Mining  and  Fii 
in  Mines — and  I  now  propose  to  address  you  on  the  subj( 
of  Mining  with  regard  to  Commerce,  although  it  may  n< 
be  strictly  in  accordance  with  the  objects  of  the  Sociel 
but  is  material  to  the  Mining  Section. 

We  are  all  aware  that  unless  a  mining  undertaking  is 
success,  it  is  not  only  a  loss  to  the  workers  of  the  mini 
but  is  also  a  serious  loss  to  the  country  at  large,  and  thei 
fore  any  reliable  statistics  must  be  of  service. 

I  have  therefore  made  use  of  such  information  as  I  have  -y 
and  hope  it  may  be  interesting,  having  prepared  a  Diagran  / 
of  the  Statistics  of  the  Coal  Trade. 
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Development  of  the  Coalfield  of  Great  Britain. 

I  have  taken  the  statistical  returns  from  1857  to  1886, 
being  30  years — and  find  that  in  1857,  65  million  tons  of 
coal  were  raised — at  the  end  of  10  years,  101  million  tons 
were  raised,  at  the  end  of  20  years,  133  million  tons  were 
raised,  and  at  the  end  of  30  years,  157  million  tons  were 
raised. 

The  increase  for  10  years  was  at  the  rate  of  4  per  cent,  on 
each  preceding  year,  the  increase  for  20  years  was  at  the 
rate  of  3|  per  cent,  on  each  preceding  year,  and  the  increase 
for  30  years  was  at  the  rate  of  3  per  cent,  on  each  preceding 
year. 

In  a  conversation  I  had  with  the  late  Professor  Jevons,  I 
told  him  I  considered  the  increase  would  be  over  a  series  of 
years  at  the  rate  of  3  per  cent,  on  each  preceding  year,  but 
he  thought  it  would  be  at  the  rate  of  3^  per  cent.,  and  so 
made  his  calculations.  In  his  work  on  the  coal  question  he 
estimated  the  quantity  that  would  be  raised  in  1881  would 
be  166  millions  of  tons.  The  actual  returns  were  154  mil- 
lions of  tons,  but  have  since  been  increased  to  163  millions 
tons,  and  reduced  to  the  get  of  157  millions  tons  in  1886. 

He  estimated  that  the  get  in  1891  would  be  234^  millions 
tons,  which  is  not  likely  to  occur. 

With  these  statistics  in  view  we  have  less  cause  of  anxiety 
about  the  exhaustion  of  coal  in  this  country  than  when  the 
Coal  Commission  was  appointed. 

With  regard  to  the  use  of  coal  very  much  greater  economy 
has  been  effected,  and  now  a  larger  amount  of  power  and 
work  is  obtained  from  it,  more  particularly  in  the  making  of 
iron  and  steel  than  in  any  other  industry. 

There  has  been  a  great  development  in  the  washing  and 
cleaning  of  coal  and  slack,  so  that  it  can  be  sent  into  the 
markets  in  a  fit  and  clean  state,  thereby  having  less  refuse 
to  deal  with  at  the  various  works. 


44 

At  a  mill  in  this  district,  experiments  have  been  made  to 
show  tlie  difference  between  ordinary  slack  and  washed 
slack ;  the  following  of  which  are  the  results  : — 

Daring  one  week  the  amount  of  good  slack  used  was 
78  tons,  and  the  amount  of  cinder  from  it  11  tons  4  cwt. 
The  amount  of  washed  slack  used  during  another  week  was 
68  tons,  and  the  amount  of  cinder  6  tons  10  cwt.  In  both 
cases  the  mill  was  running  full  time,  and  contained  66,864 
spindles.     Mechanical  stoking  is  adopted. 

With  regard  to  transit  of  coal  the  question  of  quality  is  a 
great  element,  as  the  inferior  kinds  will  not  bear  much 
charge  on  this  head,  therefore  it  is  desirable  that  the  less 
costly  article  should  only  be  conveyed  short  distances. 

Great  facilities  are,  however,  given  to  the  transit  of  coal 
for  shipment — and  this  applies  to  all  the  coal  fields  in  the 
country.  Only  the  best  kinds  of  coals  can  be  sent  with 
economy  to  districts  outside  the  coal  fields. 

With  respect  to  prices  of  coal,  this  can  only  be  dealt  with 
in  one  case  to  give  an  idea  of  the  changes  which  have  taken 
place  over  a  series  of  years — and  I  have  taken  as  an  example 
the  price  of  engine  coal  deKvered  in  Manchester  from  1821 
to  1888.  It  will  be  observed  on  reference  to  the  diagram 
that  there  are  various  rises  and  falls  from  1821,  at  which 
time  it  was  8s.  4d.  per  ton  to  July  Ist,  1851,  when  the  price 
was  reduced  to  Ss.  4d.  per  ton.  No  doubt  this  low  price  was 
caused  by  the  great  depression  in  trade  which  occurred  after 
the  railway  mania.  Various  rises  and  falls  took  place  until 
1871,  when  it  had  got  up  to  7s.  2d.  per  ton. 

At  this  time  we  were  experiencing  the  effects  of  the 
Franco-German  war,  and  immediately  a  rise  took  place 
which  culminated  on  October  Ist,  1873,  when  the  price  rose  to 
17s.  2d.  per  ton.  Since  then  various  changes  have  taken 
place  and  the  delivered  price  in  Manchester  is  now  7s.  7d. 
per  ton. 


"  Iscellaneous  Accidents  in  Mines," 


BY 


ARTHUR  ROBERT  SAWYER, 

Associate  of  the  Royal  School  of  Miues^  and  one  of 
II.  M.^s  Inspectors  of  Mines ^ 

AUTHOR    OF 

••ACCIDLNIS   FROM    FALLS   OF    ROOF   AND    SIDbS,  •" 

Price    25/- 


A  cloth-bound  copy  of  this  work  can  be  purchased,  po.^t  free, 

by  Members  of  this  Institute,  by  applying  to  the  Authur,  at 

Newcastle,  Staffordshire,  before  the  ist  March,  1880, 


For   16/-   Cash. 


.•/   Copy  of  the   Work  may  be  seen  at  the  Institute  lAbrafy. 


CLOTil-BOUND   COPIES   OF 

"Accidents  from  Falls  of  Roof  &  Sides." 


Can  be  purchased,  post  free,  for 

15/- 

FROM     THE     AUTHOR. 
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With  regard  to  wages  this  is  an  important  element  in 
the  working  of  mines,  which  in  this  district  have  been  for  a 
many  years  regulated  by  the  various  changes  in  the  price  of 
coal  at  the  pits — and  as  there  is  a  large  local  consumption 
the  workmen  appreciate  this  method  of  arrangement. 

On  referring  to  the  diagram  it  will  be  noticed  that  the 
lowest  rate  of  wages  was  in  1850,  at  which  time  4s.  3d.  was 
paid  to  the  collier  for  getting  a  load  of  coal  equal  to 
3  tons  10  cwt. 

Various  changes  took  place  after  this  until  1867,  when  the 
price  paid  was  8s.  6d.  for  the  same  quantity,  when  a  rapid  fall 
took  place,  and  the  price  was  reduced  to  5s.  lOd.  in  1869. 

The  Franco-German  War  was  in  1870,  and  in  consequence 
of  the  cessation  of  labour  in  both  countries,  there  was  a 
Tery  large  demand  f  oi  iron  and  coal,  causing  all  prices  to  be 
advanced,  the  rate  getting  up  to  12s.  2d.  per  load  of  3  tons 
10  cwt.  After  this  there  was  again  a  rapid  fall,  and  the 
price  now  paid  is  7s.  lOd.  per  load. 

In  the  autumn  of  each  year  since  1852  I  have  had  statis- 
tical returns  from  a  series  of  collieries  in  this  district  of  the 
number  of  men  employed,  the  average  rate  of  wages  for 
each  class  of  workmen,  the  amount  of  coal  raised  during  the 
preceding  12  months,  and  the  average  wages  per  week  for 
the  whole  set  of  men  employed. 

I  find  that  when  the  return  was  first  made  the  average 
wages  for  all,  both  men  and  boys,  was  16s.  3d.  per  week, 
and  then  there  were  2,460  workmen. 

The  highest  rate  of  wages  was  in  1873,  viz.,  32s.  per 
week,  and  3,106  men  were  employed ;  and  last  year  it  was 
Sis.  9d.  per  week,  and  3,067  men  employed. 

The  higher  rate  now  as  compared  with  1852  is  accounted 
for  by  the  fact  that  boys  at  10  years  of  age  were  allowed  to 
work  in  the  mines,  but  now  none  are  employed  imder 
18  years  of  age. 
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Since  the  passing  of  the  Mines  Regulation  Act  of  1872 
there  has  been  a  great  change  in  the  emplojrment  of  personB 
underground  on  account  of  the  restriction  of  age— and,  no 
doubt,  this  has  encouraged  a  very  extensive  use  of  machinery 
in  haulage,  thereby  avoiding  the  emplojrment  of  boys  under 
13  years  of  age. 

This  is  verified  by  the  fact  that  in  1874  there  were 
428,611  employed  underground  and  110,218  employed 
above  ground,  making  a  total  of  538,829.  Whereas,  in 
1887,  there  were  428,540  employed  imderground,  and 
97,737  employed  above  ground,  making  a  total  of  526,277. 

This  shows  a  very  material  increase  in  the  quantity  of 
coal  raised  per  person  employed. 

If  we  assume  that  the  colliers  work  250  days  in  each 
year,  the  calculation  is  that  in  1874  232  tons  of  coal  were 
got  or  0*96  tons  per  man  per  day  ;  and  in  1887  the  number 
of  tons  per  man  was  308  during  the  year,  or  1*23  tons  per 
man  per  day. 

On  referring  to  the  diagram  it  will  be  observed  that  the 
line  of  changes  in  the  number  of  persons  employed  is  almost 
parallel  with  the  line  of  wages,  showing  that  high  prices 
attract  workmen  to  the  collieries  and  low  prices  retard  them. 

With  regard  to  fatal  accidents  there  has  been  a  consider- 
able improvement  in  the  fewer  number  as  compared  with  the 
amount  of  coal  raised,  which  is  due  to  constant  improve- 
ments being  made  in  working  the  mines  and  the  more 
extensive  use  of  machinery  for  winding  and  haulage 
purposes,  thereby  enabling  a  large  out-put  to  be  made  with 
fewer  hands. 

There  is  also  the  great  element  that  practically  boys  are 
not  much  employed  under  13  years  of  age,  and  therefore 
when  they  go  into  the  pit  are  capable  of  doing  more  work. 

The  number  of  fatal  accidents  in  1857  was  1119,  and 
65,376,706  tons  of  coal  were  raised,  making  that  58,422 
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tons  were  raised  per  fatal  accident,  and  in  1887  tbere  were 
995  fatal  accidents,  and  162,119,812  tons  of  coal  were 
raised,  making  that  162,924  tons  were  raised  per  fatal 
mccident. 

We  have  great  advantages  in  this  country  in  the 
enconragement  which  is  given  to  Societies  of  Mining 
Engineers,  of  which  this  Society  was  one  of  the  foremost, 
it  being  founded  in  1837. 

Members  are  encouraged  to  prepare  papers  on  the  various 
subjects  with  which  they  are  conversant,  and  by  mutual 
association  have  advanced  the  knowledge  of  mining  to  a 
great  extent. 

One  of  the  finest  and  most  useful  set  of  transactions  on 
the  above  subject  may  be  found  in  connection  with  those  of 
the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers. 

There  can  be  no  doubt  that  the  influence  of  these  societies 
has  been  a  great  means  of  developing  and  improving  the 
art  of  mining  and  increasing  the  safety  of  the  workmen 
employed. 

With  regard  to  the  development  of  the  coal  trade,  a  very 
great  impetus  was  given  to  it  in  consequence  of  the  rise  in 
prices  after  the  Franco-German  war,  and  coalfields  were 
opened  out  far  in  excess  of  the  requirements  of  the  trade. 
Also  a  large  number  of  capitalists  were  brought  into  it, 
thereby  interfering  with  the  regular  trader,  and  losing 
hundreds  of  thousands  of  poimds  not  only  themselves,  but 
others  in  the  trade.  At  the  same  time  rents  and  royalties 
were  advanced,  causing  large  outputs  to  be  made  to  pay  the 
stipulated  rents. 

We  have  certainly  gone  through  a  very  anxious  period, 
and  I  hope  now  that  as  the  demand  is  nearing  the  supply, 
we  may  look  forward  to  an  improvement  and  more  favour- 
able times. 
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Peices  of  Enoike  Coal  Deltysbsd  nr  Mavchestbr. 


1821  . .     . . 

1823,  March. . 

1824,  April  . . 
,,      Sept.    . . 

1826,  June    . . 

1827,  March. . 

1829,  March.. 
,,      April  . . 
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>> 
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>» 
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1838,  April  . . 
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»      Jiily    . . 

1841,  Feb.  . . 
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Oct. 

1842,  July    .. 

1843,  January 
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7 
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5 
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6  3 


1848, 
1849, 
1850, 


1851, 

If 

)> 

>i 
1852, 

If 
1853, 


II 


1855, 
1856, 


II 


1857, 
1858, 
1859, 


II 


1860, 


II 


1861, 
1862, 
1863, 


II 
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II 
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II 
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7 


9 
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6  9 
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II 
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1869,  Oct.      . 

1870,  Sept    . 
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1872,  January 
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,,      Oct. 

1873,  Feb.     . 
,,      Oct. 

1874,  January 
„      March 
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Aug. 

1875,  July 
„      Oct. 

1876,  April 
II      Aug. 

1878,  June 

1880,  Dec. 

1881,  Aug. 
,,      Nov. 

1882,  Nov. 

1883,  April 
,,      Nov. 

1884,  July 
„      Oct. 

1885,  May 
,,      Nov. 

1886,  June 
„      Dec. 

1887,  Feb. 
II      May 

1888,  January 
II      April 
„      Oct. 
,,      Nov. 


8.  d. 

6  9 

7  2 

8  0 

8  10 

9  8 

12  2 

13  10 
15  6 
17  2 
15  6 

14  8 
12  2 
10  8 
10  1 

9  8 

8  10 

8  0 

7  2 

7  7 

6  9 

7  7 


8 
7 
8 
7 
8 
7 
8 
7 
8 
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0 

7 
0 
7 
5 
7 
5 
7 
0 
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6  9 

7  2 

6  9 

7  2 

7  7 
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PEICES  PEE  LOAD  OP  3  TONS  10  OWT.  PAID  TO 

COLLIER. 


Date.  Price. 

8.    d. 

1850. — January 4    3 

„    — ^November 4    7 

„    — December 4  11 

1851.— May    4    7 

„    — ^November  . . 5    3 

1852.— June    4    7 

„    —October 5    3 

1853.— May    5    7 

„    — June   5  11 

,,    — October 6    5 

1855.— April  5    9 

1857.— May    5     1 

„    — October 5    9 

1859. — January 6    1 

,,    — December 6    5 

I860.— March     6    8 

„    — September 7    2 

1861.— June    6    8 

1862.— February    6    0 

1863.— July    5    4 

„    — ^November 6    0 

„    — December 6    6 

1865.— October 7    0 

„    — ^December 7    4 

1866.— April  7  10 

„    — ^November  ....  8    6 

1867.— April  7  10 

1868.— June   6  10 


Date.  Price. 

8.  d. 

1869.— June   5  10 

1870.— February   6    6 

1871.— September 7    2 

„    — ^November 7    6 

1872.— January 7  10 

„    — June   8    6 

„     —July    9    6 

„    — December 10    6 

1873.— March 11     2 

„    —October 12    2 

1874.— May    10    2 

1876.— April  8    2 

„     — August 7    2 

1878.— June   6    5 

1880.— December 6  11 

1881.— April  7    2 

„    — August 6    5 

„    — November 7    2 

1882.— November 7  10 

1885.— May    7     0 

,,    — November 7  10 

1886.— June   7    O 

„    — December 119 

1887.— May    7    9 

1888.— January 7  10 

„     —April 7    0 

„    —October 7    5 

„    — ^November 7  10 
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Aver 

Weekly 
Faddto 
WorkjM 

8. 

1852.— October  1st Ifi 

Wage 
each 
sraon. 

d. 
3 

7 

3 

8 

7 

9 

7 

8 

1 

9 

9 

6 

7 
11 

9 

3 

0 

7 
10 

2 

0 

0 

1 

2 

2 

1 

8 

9 

2 
11 

6 

4 
10 

4 

4 

9 

Number 
Employed. 

2340 

1853. — 

18 

2697 

1854.—    , 

,    18 

2814 

1855. —    , 

,    16 

2650 

1856.—    , 

,    16 

2843 

1857.—    , 

,    16 

2747 

1858.—    , 

,    16 

2846 

1859.—    , 

17 

2825 

I860.—    , 

,    20 

3186 

1861.— 
1862.—    , 

18 

,    15 

3223 
2963 

1863.— 

,    16 

2607 

1864.—    , 

18 

2745 

1865.—    , 

,    18 

2897 

1866.— 

21 

3063 

1867. 
1868.—    , 

23 

,    21 

3299 
3212 

1869.—    , 

,    19 

2915 

1870.—    , 

,     20 

3151 

1871.—    , 

23 

2808 

1872.—    , 

28 

3047 

1873.— 
1874.—    , 

32 

29 

3106 
3185 

1875.—    , 

29 

3400 

1876.— 

25 

3197 

1877. 

25 

3148 

1878.— 
1879.—    , 

23 

22 

3184 
3553 

1880.—    , 

,    22 

3539 

1881.—    , 

,    21 

3680 

1882.—    , 

,    23 

3615 

1883.—    , 

24 

3442 

1884.— 

,     23 

3586 

1885.— 

,     22 

3385 

1886.—    , 

21 

3391 

1887.— 

21 

3067 
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Mr.  Dickinson  moved  and  Mr.  Pilkinoton  seconded  a 
Tote  of  thanks  to  the  President  for  his  very  valuable  and 
instructive  address.     Carried  unanimously. 

The  Presidbnt,  in  replying,  said  it  was  a  great  pleasure 
to  him  to  be  able  to  prepare  this  diagram.  He  began  in  a 
small  way,  collecting  statistics,  many  years  ago,  and  had 
added  to  them  from  time  to  time.  He  thought  that  by 
bringing  the  facts  before  this  Society  they  might  be  useful 
hereafter,  as  a  record  of  the  state  of  the  coal  trade  over  a 
given  period.  Others,  he  said,  may  carry  the  statistics 
forward  by  making  similar  observations  and  collecting 
similar  facts. 

The  President,  referring  to  the  diagram,  described  some- 
what more  in  detail  the  prominent  points  in  his  paper.  The 
diagram,  he  said,  showed  the  prices  of  coal  delivered  in 
Manchester,  and  one  curious  feature  was  that  there  was  a 
continual  fall  to  a  point  they  all  remembered  very  well — 
the  time  of  the  Great  Exhibition.  Then  a  rise  took  place, 
which  continued  to  the  time  of  the  Crimean  War,  which 
was  succeeded  by  another  fall  during  the  Indian  War. 
After  the  Exhibition  of  1862  there  was  a  great  rise,  and 
then  a  fall,  which  was  not  recovered  before  the  Franco- 
German  War.  This  war  brought  about  a  great  rise,  and 
prices  reached  a  high  figure  ;  then  there  was  a  sudden  drop, 
and  prices  had  since  been  tolerably  even.  Generally  speak- 
ing, fatal  accidents  increased  in  number  with  the  increase  of 
prices,  but  it  was  curious  to  note  that  during  the  high 
prices  of  1872  the  accidents  were  fewer.  As  to  the  rate  of 
wages,  beginning  with  1851,  the  average  was  16s.  3d.  per 
week  per  person — man  and  boy — ^and  they  could  trace  on 
the  diagram  a  gradual  rise  till  it  reached  the  highest  point, 
namely,  32s.  per  week;  after  which  there  was  a  fall  to 
21s.  9d. 
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In  reply  to  Mr.  Burrows, 

The  President  said  the  rate  per  load  of  3  tons  10  cwt. 
paid  to  miners  rose  from  4s.  3d.  till,  in  1873,  it  reached  the 
liigh  figure  of  12s.  2d.  After  that  the  diagram  exhibited 
rates  of  wages  varying  with  the  prices  obtained  for  coal. 

Mr.  Dickinson  :  This  table  shows  that,  following  some  of 
the  principal  Mining  Acts,  the  prices  of  coal  have  gone  up. 
This  was  so,  soon  after  the  Act  of  1872,  as  also  after  the 
passing  of  the  Inspection  of  Mines  Act  in  1850.  But  the 
rise  after  the  more  recent  Mining  Act  of  1887  has  not  yet 
taken  place.  We  may  expect,  according  to  the  evidence 
before  us,  that  it  will  follow. 


ON  THE  CLAY  SLATES  AND  PHYLLITES  OF  THE 
SOUTH  OF  THE  ISLE  OF  MAN;  and  A  SECTION 
OF  THE  FOXDALE  MINE,    ISLE  OF  MAN. 

By  Professor  W.  Botd  Dawkins,  M.A.,  F.R.S.,  &c. 


Professor  Dawkins  said: — Mr.  President — I  thought  I 
might  be  allowed  to  put  before  you  this  afternoon  the  first 
instalment  of  my  six-inch  geological  map  of  the  Isle  of  Man. 
The  two  points  to  which  I  would  particularly  direct  attention 
this  afternoon  are — first  of  all,  the  clayslates  and  the  phyllites 
which  compose  the  main  mass  of  the  island ;  and  secondly, 
the  Foxdale  granite  and  the  Foxdale  mine. 

The  clayslates  pass  insensibly  into  the  phyllites  in  the 
island,  by  the  development  of  mica  in  the  planes  of  deposit, 
and  in  the  south  of  the  island  the  latter  predominate,  being 
grey,  black,  or  sometimes  red.  In  the  cliff  sections  they 
are  seen  to  be  highly  contorted  and  greatly  faulted.  They 
are  interbedded  with  quartzites  and  traversed  by  numerous 
veins  of  white  quartz.     It  is  along  the  junction  of  these 
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hard  and  intractable  materials  with  the  more  yielding  slaty 
series  that  the  maximum  development  of  mica  has  taken 
place,  due  to  the  mechanical  movement  during  contortion 
having  locally  developed  heat  along  the  planes  of  friction 
between  the  two.  These  planes  are  frequently  covered 
with  a  continuous  glittering  film  of  mica. 

The  enormous  strain  to  which  the  phyllites  have  been 
subjected  is  shown  by  the  micro-sections,  in  which  they  are 
seen  to  be  traversed  by  a  series  of  parallel  or  nearly  parallel 
cleavages.  Each  of  these  is  a  small  fault  on  each  side  of 
which  the  layers  of  mica  have  been  displaced.  In  the 
quartzite  in  the  harbour  of  Port  St.  Mary  the  same  structure 
is  to  be  seen — "  the  strain-slip  cleavage "  of  Professor 
Bonney — and  it  is  visible  in  a  series  of  ripple-like  steps 
which  traverse  the  surface  of  the  stone  in  a  direction 
obliquely  to  the  true  ripple-marked  surface. 

The  phyllites  are  abruptly  cut  off  to  the  south  by  the 
great  fault  traversing  Port  St.  Mary,  and  passing  from  the 
pier  in  the  harbour  to  the  north-east  to  Athol  Bridge.  By 
the  Port  St.  Mary  fault  the  carboniferous  limestone  has 
been  faulted  along  the  line  of  strike.  The  true  junction 
between  the  two  strata  is,  however,  to  be  seen  in  the  valleys 
in  the  neighbourhood  of  Balla  salla,  and  in  the  peninsula  of 
Langness,  where  a  red  conglomerate  of  quartzite  rests  on 
the  eroded  edges  of  the  phyllite  series,  and  dips  conformably 
under  the  carboniferous  limestone.  It  marks  the  shore-line 
of  the  carboniferous  sea,  and  was  g^radually  being  accumu- 
lated while  the  area  was  sinking.  The  pebbles  in  the 
conglomerate  are  derived  from  the  rocks  of  the  district,  and 
the  red  colour  of  the  quartzite  is  merely  due  to  subsequent 
peroxidization  of  the  blue  protoxidated  rock  from  which  the 
pebbles  were  derived.  In  the  ravine  of  the  Awin  Ruy  the 
quartzite  rocks  are  no  less  than  632  feet  in  thickness,  and 
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are  in  some  places  coloured  red.  These  quartzites,  or  tlieir 
equivalents  now  concealed  by  the  sea  to  the  east,  and  the 
newer  rocks,  may,  perhaps,  have  contributed  to  the  pebbles 
of  the  Triassic  Sandstones,  and  must  be  taken  into  account 
in  examining  into  the  history  of  the  Triassic  shingle  beaches 
in  Lancashire  and  Staffordshire. 

In  walking  northwards  from  Ballasalla  to  Foxdale,  the 
ice-borne  granite  blocks  which  strew  the  surface  and  are 
dotted  along  the  hedges  become  thicker  and  larger,  until 
the  granite  area  of  Foxdale  is  reached,  from  which  they 
were  derived. 

The  granite  is  a  boss  thrust  up  through  the  phyllites, 
which  are  very  much  altered  at  the  line  of  junction,  the 
plates  of  mica  being  enlarged,  and  various  obscure  minerals 
being  developed  in  the  shape  of  needles,  and  granular  aggre- 
gations. The  plates  of  mica  also  in  the  micro-section  of  the 
rock  close  to  the  junction  have  been  crushed  and  distorted 
by  the  enormous  pressure  to  which  they  have  been 
rabjected. 

The  granite  in  a  micro  section  is  seen  to  consist  of  ortho- 
dase  and  plagio-clase  crystals,  biotite  and  quartz.  In  the 
neighbourhood  of  the  Foxdale  mine  it  is  much  decomposed, 
and  a  sufficient  amount  of  an  obscure  green  mineral  is 
present  to  give  its  tint  to  the  rock. 

The  principal  lode*  at  Foxdale  traverses  the  phyllites  and 
the  granite,  and  is  a  rake  vein  running  east  and  west  with  a 
hade  of  1  in  3  to  south.  It  has  been  worked  to  a  depth  of 
1512  feet.  In  the  neighbourhood  of  the  new  shaft  it 
plunges  into  the  phyllites  at  the  surface,  and  passes  into  the 
granite  at  a  depth  of  300  feet. 


*  I  have  to  thank  Captain  Kitto,  the  manager  of  the  Foxdale  mine  for 
nraoh  of  this  information. 
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The  lode  is  aboat  25  to  35  feet  thick,  and  besides  the  rich 
combs  of  lead  and  silyer-lead  ore,  and  sulphide  of  barium, 
and  carbonate  of  iron,  it  contains  two  lines  of  angular 
granite  blocks,  which  apparently  had  dropped  into  it  when 
it  was  an  open  fissure,  and  probably  at  two  distinct  and  suc- 
cessive times,  after  two  distinct  and  successive  widenings. 
Another  point  of  considerable  interest  is  presented  by  the 
large  amount  of  carbonic  acid  which  is  given  off  at  the 
bottom  of  the  workings.  It  is  likely  that  the  presence  of 
this  destructive  chemical  agent  has  caused  the  peculiar 
alteration  in  the  granite,  which  has  been  noticed  above,  in 
the  neighbourhood  of  the  vein. 


Mr.  Dickinson  asked  Professor  Dawkins  if  he  had  formed 
any  conclusion  as  to  the  throw  of  the  Port  St.  Mary  fault. 

Professor  Dav^tkins  :  I  am  sorry  I  cannot  give  you  any 
information  upon  that  point  because  I  do  not  know  the 
thickness  of  the  limestone.  The  limestone  is  so  crumpled 
and  so  difficult  to  make  out,  that  I  would  not  like  to  take 
any  responsibility  in  answering  the  question. 

Mr.  Platt  remarked  upon  the  differences  that  seemed  to 
exist  between  the  Isle  of  Man  carboniferous  limestone  and 
that  of  Derbyshire ;  fossils  being  found  in  the  one  that  did 
not  seem  to  occur  in  the  other.  Beds  or  partings  of  shale 
were  also  much  more  frequent  in  the  former. 

Mr.  Stirrup  said  he  had  the  privilege  last  year  of  accom- 
panying a  party  of  the  members  of  the  British  Association 
which  visited  the  Isle  of  Man  on  the  invitation  of  the  Isle  of 
Man  Natural  History  and  Antiquarian  Society.  On  that  occa- 
sion they  had  the  benefit  of  Professor  Dawkins'  guidance  to  a 
portion  of  the  district  referred  to.  They  were  then  able  to  see, 
however  cursorily,  how  much  there  was  in  the  rocks  of  the 
island  to  interest  the  geologist.  Within  easy  reach  of  Castle- 
town may  be  seen  the  conglomerates  referred  to  and  many 
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interestiiig  varieties  of  Yolcanio  rocks  of  carboniferous  age  and 
trap  dykes  in  the  vicinity  of  the  carboniferous  limestone. 
No  authoritative  geological  map  of  the  island  existed,  and  he 
was  therefore  glad  to  find  that  Professor  Dawkins  had  made 
a  beginning,  to  supply  the  deficiency.     With  regard  to  the 
geological  age  of  the  quartzites  and  phyllites  to  which  their 
attention  had  been  drawn,  he  thought,  from  their  appear- 
ance and  crystalline  condition,  there  was  a  possibility  that 
they  might  be  older  than  the  Silurian,  for  as  yet  there  was 
no  fossilif erous  evidence  to  assist  in  the  determination  of 
their  age.     These  ancient  crystalline  rocks  were  now  being 
closely  examined  by  the  aid  of  the  microscope,  and  it  was 
to  be  hoped,  that  by   this  means  additional  light  might 
be   thrown  on  the  question  of  their  geological  antiquity. 
Mr.  Stirrup  also  referred  to  his  visit  to  the  Foxdale  Lead 
Mine,  when  he  was  one  of  a  small  party  of  three  or  four 
invited  by  Captain  Kitto  to  visit  the  underground  working 
of     the  mine,  the  late  lamented  Professor  Carvill  Lewis,  of 
Philadelphia,  being  one.     He  well  remembered  the  interest- 
in  S*  discussion  that  took  place,  deep  in  the  bowels  of  the 
ear-th,  between  himself  and  the  Professor,  as  to  the  origin 
oi  mineral  veins  and  their  mode  of  infilling,  a  subject  aptly 
iUufitrated  by  the  lodes  of  lead  incased  in  their  granite  walls 
by  which  they  were  surrounded. 

Professor  Boyd-Dawkins,  in  reply,  said — With  regard  to 
the  age  of  these  rocks  I  am  afraid  I  must  suspend  my 
judgment.  I  am  in  the  same  unfortunate  position,  as  far 
as  that  goes,  as  my  friend  Mr  Stirrup.  I  really  do  not 
know  what  age  they  are.  It  is  certainly  not  later  than  the 
Lower  Silurian,  and  it  may  be  much  older.  But  I  have  no 
douht  that  when  the  island  is  surveyed  geologically  on  the 
ox-inch  scale  we  shall  arrive  at  a  true  conclusion  as  to  the 
place  of  the  phyllites  and  clay  slates  in  the  geological  scale. 
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Specimens  of  the  various  rocks  to  which  reference  had 
been  made  were  exhibited  by  Professor  Dawkins,  and  at 
the  close  of  the  meeting  a  series  of  rock  sections  in  illustra- 
tion of  the  paper  were  shown  under  the  microscope. 
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OF  THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 


Part  111.  Vol.  XX.  Session  1888-9. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  December  11th,  1888,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

The  President,  John  Knowles,  Esq.,  M.Inst.C.E., 

in  the  Chair. 


NEW   MEMBER. 


Mr.  Donald  Munro,  mining  engineer,  Ashton  Moss 
Colliery,  Ashton-under-Lyne,  was  balloted  for  and  unani- 
elc»cled  an  Ordinary  Member  of  the  Society. 


MINERS'   ELECTRIC  SAFETY   LAMPS. 

The  Hon.  Secretary  reported  that,  in  the  unavoidable 
absence  of  Mr.  John  Higson,  F.G.S.,  who  had  promised  to 
exhibit  the  lamp  and  read  a  paper  upon  it,  Mr.  0.  R.  Swete 
had  kindly  undertaken  the  duty  at  Mr.  Higson's  request. 
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A  NEW  MINERS'  ELECTRIC  SAFETY  LAMP. 

By  Mr.  Oswald  Ricketts  Swete, 
Associate  of  the  Society  of  Telegraph  Engineers  and  Electricians. 


At  the  invitation  of  Mr.  John  Higson,  who,  I  regret  to 
say,  is  unable  to  appear,  through  circumstances  over  which 
he  has  no  control,  I  have  much  pleasure  in  appearing  before 
you  here  to-day,  in  order  to  give  some  information  con- 
cerning the  lamp  invented  and  manufactured  by  the 
Mining  and  General  Electric  Lamp  Company,  Limited, 
of  43,  Colman  Street,  London,  E.C. 

Before,  however,  going  into  the  details  of  this  new  Electric 
Miner's  Lamp,  I  think  it  interesting  to  give  you  some 
account  of  the  work  that  has  been  done  by  other  inventors 
of  electric  mining  lamps. 

No  doubt  many  of  you  here  have  seen  and  practically 
tested  various  kinds  of  electric  mining  lamps,  and  therefore 
have  your  own  opinions  about  them ;  but  I  think  it  is 
generally  acknowledged  that  to  obtain  a  perfect  safety  lamp 
it  must  by  necessity  be  an  electric  one  ;  since  the  only  light 
requiring  no  oxygen  to  support  it,  combustion  not  taking 
place,  is  that  afforded  by  the  incandescent  or  electric  glow 
lamp. 

The  inventors  of  these  lamps  until  recently  confined  their 
efforts  to  the  use  of  primary  batteries  as  the  scource  of 
energy  for  supplying  the  light  to  their  lamps ;  but,  I  may 
say,  that  it  is  almost  impossible  to  produce  a  good  and  cheap 
electric  mining  lamp  by  this  means.  With  primary  batteries 
many  difficulties  are  at  once  placed  in  your  path,  such  as, — 
consumption  and  renewal  of  the  positive  element  zinc, 
(continued  cleaning  and  scraping,  together  with  subsequent 
amalgamation  by  mca^8  of  mercury,  of  the  positive  element ; 
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in  some  cases  porous  pots  are  used,  which  insert  great 
internal  resistance,  and  the  continual  recurring  nuisance  of 
fracture  ;  low  electromotive  force  entailing  the  use  of  many 
cells,  and  therefore  great  weight  in  order  to  obtain  the 
necessary  amount  of  light ;  the  use  of  very  corrosive  and 
dangerous  chemicals  as  deoxidising  agents,  such  as  bichromate 
of  potash  and  sulphuric  acid,  bichromate  of  soda  and 
nitric  acid,  bisulphate  of  mercury,  &c. ;  gas  escaped  from 
the  battery  during  discharge  of  the  electric  current  through 
the  lamp,  thus  entirely  preventing  the  cover  being  fixed 
down  liquid  tight ;  difficulty  of  keeping  connections  and 
contacts  clean  and  free  from  corrosion ;  great  expense 
incurred  thereby ;  deposition  of  deoxidants  on  positive 
element ;  and  very  high  cost  of  maintenance  and  repairs. 

Now  let  us  consider  what  could  be  done  with  secondary 
batteries.  A  few  years  back  they  were  decidedly  behind 
primary  batteries,  in  the  Plants  type  the  active  material  on 
the  plates  was  about  ^  the  total  weight  of  the  elements, 
thereby  making  a  two-cell  miner's  lamp  weigh  about  17 
pounds. 

In  the  Faure  type,  more  recently  brought  out,  the  relation 
between  the  dead  weight  of  support  and  the  active  material 
was  two  to  one,  making  a  two-cell  miner's  lamp  probably 
weigh  nine  or  ten  pounds.  In  1885,  however,  a  great 
advance  in  secondary  batteries  was  made  by  Mr.  D.  G. 
Fitzgerald,  inasmuch  as  he  did  away  with  the  dead  weight 
of  support  altogether,  and  obtained  a  dense,  hard,  and 
highly  conductive  plate  of  solid  peroxide  of  lead  for  his 
negative  element,  which  he  termed  lithanode,  and  containing 
no  support  whatever,  but  wholly  consisting  of  active  material, 
and  a  two-cell  miner's  lamp  constructed  with  this  kind  of 
element  would  weigh  from  four  to  five  pounds. 

The  total  weight  of  secondary  batteries  per  horsc-power- 
hour  capacity  is  as  follows  : — 
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lbs.  weight. 

Plante 396 

Faure      198 

E.P.S.  (L  type)      133 

„      (Stype)       135 

Lithanode  (old  form) 76 

,,         (latest  fomi) 70 

or  l-5th  the  weight  of  a  Plante  battery  of  the  same  capacity. 

This  brings  home  to  us  the  enormous  advantage  gained 
by  the  use  of  this  new  material  for  secondary  batteries, 
which  no  other  substance  yet  known  can  compete  with. 

Thus  it  is  the  very  thing  suitable  for  solving  the  problem 
of  electric  safety  lamps.  But  not  only  is  it  applicable  to 
that,  but  has  a  far  more  extensive  field  of  action,  such  as 
lighting  towns  by  central  stations,  houses,  railway  cars,  trams, 
omnibuses,  and  cabs,  police  and  watch  lanterns,  lamps  for 
powder  magazines,  and  for  all  purposes  where  portability, 
eflSciency,  and  economy  are  the  une  qua  non. 

But  it  is  not  my  purpose  to  go  into  those  matters  to-dav- 

This  small  weight,  therefore,  brings  lithanode  batteries 
for  mining  purposes  to  the  front,  other  things  being  equal ; 
but  they  are  more  than  equal,  for  besides  the  light  weight 
of  this  new  type  of  secondary  battery,  no  renewal  of 
elements  is  required,  nor  of  the  electrolyte  (dilute  sidphuric 
acid) ;  no  gases  evolved  on  discharging  the  current  through 
the  lamp,  therefore  no  necessity  for  valves  or  other  compli- 
cated arrangements  to  emit  the  gas  without  the  liquid.  It 
is  this  last  radical  improvement  in  secondary  batteries  that 
is  the  mainstay  of  the  mining  lamp  placed  before  you 
to-day.  Most  of  you  reuieniber,  I  dare  say,  the  lamp  I  had 
the  pleasure  of  showing  to  you  last  January  at  your  meeting 
at  Wigan.  It  was  then  in  its  experimental  stage,  and 
known  in  the  Wigan  district  as  the  "  Sun  "  lamp,  but  which 
title,  however,  the  Company  for  cogent  reasons  have  aban- 
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doned.     This  is  the  outcome  of  that  lamp  and  the  numerous 
tests  which  have  been  undertaken  in  connection  with  it. 

The  electromotive  force  is  four  volts,  it  consists  of  two 
cells,  containing  one  positive  and  negative  element  and 
bolted  together  in  each  cell.  Its  weight  at  present  is  but 
five  pounds  which  can  be  considerably  reduced  later  on. 
Its  candle  power  is  that  of  one  standard  candle.  Burns  for 
twelve  hours  with  one  charge  from  a  dynamo  machine  of 
five  hours. 

You  will  observe  that  the  glow  lamp  can  be  placed  where- 
ever  best  suits  the  requirements  of  the  colliery  owner,  viz., 
on  top,  bottom,  or  side,  or  may  be  detached  altogether  from 
the  battery,  as  in  the  case  of  this  small  railway  reading 
lamp,  ready  to  be  affixed  to  the  coat  or  cap. 

The  battery  case  is  made  of  birch  of  a  peculiar  section, 
occupying  as  small  a  space  as  is  possible,  exceedingly  strong, 
and  rendered  waterproof  and  acid  proof  by  a  patented 
process. 

There  is  another  novelty  in  the  glass  protector  covering 
the  incandescent  glow  lamp.  This  consists  of  toughened  or 
chilled  glass,  which  has  great  strength,  but  when  broken, 
instead  of  cracking  or  breaking  into  large  fragments,  flies 
to  very  small  particles ;  a  lever  pressing  against  the  inside 
of  this  glass  cover,  would  thereby  instantly  fall  forward  if 
the  cover  were  broken,  and  this  at  once  cuts  off  the  electric 
current,  before  the  blow  that  breaks  the  cover  could  have 
time  to  reach  the  incandescent  lamp ;  thus  rendering  it 
absolutely  impossible  for  an  explosion  to  ta,ke  place  from 
contact  of  a  red-hot  filament  with  a  mixture  of  air  and 
fire-damp. 

This  cover  is  capable  of  being  locked  with  a  lead  plug, 
and  the  miners  can  be  given  to  understand  that,  in  the 
event  of  some  untoward  accident  they  were  entombed  within 
the  workings,  by  unpicking  the  lead  plug  with  a  pocket  knife. 
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and  removing  the  glass  cover,  the  light  could  be  save^  up 
until  assistance  arrived,  which  is  impossible  with  any 
existing  oil  lamp.  The  lid  is  screwed  down  tight  by  means 
of  a  steel  lever  and  lock  nut  and  sealed  with  a  lead  plug. 
There  is  no  switch  whatever,  the  action  of  putting  on  the 
cover  lights  the  lamp,  and  the  miner  cannot  put  it  out 
except  by  breaking  the  sealed  plugs. 

By  undoing  four  ebonite  nuts  inside  the  battery,  the 
whole  of  the  elements  can  be  instantly  withdrawn,  for  the 
purpose  of  repair,  &c. 

The  plates,  so  far,  have  been  tested  to  2^  years  ;  and  are 
practically  indestructible  by  wear  and  tear.  The  total 
weight  of  the  two  sets  of  elements  is  lib.  2oz8. 

The  lamp  can  be  turned  upside  down  without  detriment, 
and  if  turned  at  an  angle  will  not  go  out,  like  some  oil 
lamps,  thereby  saving  the  **  hewer  "  many  a  mile's  walk. 

Now  a  word  as  to  cost  and  maintenance.  Suppose  you 
want  to  take  1,000  lamps,  what  will  it  cost  you  ? 

1,000  lamps  at  20s.  equals  £1,000 ;  a  5-unit  dynamo 
machine  equals  £75;  instruments,  wires,  &c.  equals  £15; 
total,  £1,090. 

Maintenance,  per  annum.  Interest  on  £1,090  at  ft  per 
cent,  equals  £54  10s.  ;  depreciation  on  £1,090  at  10  per 
cent,  equals  £109 ;  current,  7,800  units  at  7d.  equals 
£227  10s.  ;  wages,  two  men  at  £52  and  3  boys  at  £19  lOs. 
equals  £162  10s.  ;  incidental  expenses,  equals  £10  IDs.  ; 
total  £564,  which  is  equal  to  2id.  per  lamp  per  week, 
burning  twelve  hours  per  day,  six  days  per  week. 

Now  I  have  charged  the  current  in  the  maintenance 
account  at  7d.  per  Board  of  Trade  \mit,  which  is  the 
London  price,  where  coals  are  at  17s.  to  20s.  per  ton  and  rent 
and  wages  are  far  higher  than  here ;  therefore,  you  will 
readily  perceive  that  I  am  well  within  the  mark  when  I  say 
that  2id.  per  lamp  will  cover  the  cost  of  maintenance  per 
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week.  No  oil  lamp,  candles,  or  primary  battery  can  com- 
pete with  this,  and  the  saving  effected  on  maintenance 
alone  will  soon  pay  the  extra  cost  of  lamps ;  but  beyond 
everything  it  is  absolutely  safe,  and  a  good  light,  better 
than  that  at  present  obtained  from  oil  lamps. 

I  may  add  in  conclusion,  that  this  lamp  has  now  been 
tested  for  a  period  extending  over  nine  months  in  various 
collieries  in  the  north  of  England,  including  the  Wigan 
Coal  and  Iron  Company,  Limited ;  Messrs.  Pearson  and 
Knowles,  Limited ;  Dukinfield  and  Astley  Coal  Company ; 
Shireoaks  Colliery,  Limited;  Messrs.  John  Brown  and  Co.'s 
Aldwarke  Collieries,  and  the  Weardale  Iron  and  Coal  Com- 
pany, Limited ;  and  in  all  mines  has  met  with  a  flattering 
reception. 

A  vote  of  thanks  to  Mr.  Swete  having  been  unanimously 
passed,  that  gentleman  briefly  responded  and  gave  some 
further  technical  information  with  regard  to  the  construc- 
tion of  the  lamp,  which  he  exhibited. 

In  reply  to  a  question  as  to  whether  it  required  a  skilled 
man  to  charge  the  lamps, 

Mr.  Swete  said  that  no  skilled  attendant  was  needed. 
Any  ordinary  mechanic,  or  even  lamp- room  man,  would  be 
able  to  do  all  that  was  necessary. 

Mr.  Herbert  Fletcher  :  Mr.  Swete  says  that  "  no  oil 
lamp,  candles,  or  primary  battery  can  compete  with  this  *'  ; 
does  he  mean  in  cost  ?  or  in  what  the  Royal  Commission 
requires  as  essential  to  the  miner's  safety,  namely,  a  handy 
and  good  light  ?  Can  this  lamp  be  used  in  a  miner's 
working  place  with  the  same  facility  as  a  candle  ? 

Mr.  Swete  :  When  I  said  that  no  oil  lamp  could  compete 
with  this,  I  meant  in  cost  only.  It  has  not  been  tried  long 
enough  to  enable  us  to  say  whether  or  not  it  is  as  handy  as 
an  ordinary  miner's  lamp. 
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Mr.  Fletcher  :  The  cost  is  a  commercial  consideration. 

Mr.  SwETE  :  Yes,  entirely. 

Mr.  Fletcher  :  I  should  remark  on  that,  that  as  a  body 
representing  mining  engineers,  it  is  a  consideration  which 
should  with  us  be  very  secondary  to  that  of  safety ;  and, 
although  a  saving  in  the  cost  of  lighting  might  be  eflTected 
by  the  use  of  electricity  or  oil  lamps,  yet,  if  in  so  doing  the 
men  were  deprived  of  either  of  the  qualifications  of  wliat 
the  Royal  Commission  declared,  after  seven  years'  careful 
deliberation,  to  be  a  most  important  factor  in  the 
safety  of  the  underground  miner,  a  "  good  and  handy 
light,"  the  electric  lamp  must  be  received  with 
caution  when  it  is  prescribed  as  a  substitute  for  the  candle, 
which  I  take  to  be  what  the  Royal  Commission  meant,  when 
they  spoke  of  a  "  good  and  handy  light."  We  miist 
remember  not  to  lose  sight  of  the  handiness  in  our  search 
after  the  intensity. 

Mr.  SwETE  :  Well,  I  do  not  know  that  there  can  be  any 
objection  to  this  lamp  on  the  score  of  handiness.  You  can 
examine  the  roof  with  it,  turn  it  upside  down,  and  knock  it 
over  without  causing  it  to  go  out,  and,  as  to  the  Royal 
Commission,  it  has,  I  may  add,  been  most  favourably 
received  by  Sir  Frederick  Abel,  as  a  safe  lamp.  When 
I  spoke  of  other  lamps  not  been  able  to  compete  with  it,  I 
meant  in  cost  of  maintenance.  An  oil  lamp,  I  believe» 
costs  from  4d.  to  6d.  to  keep  it  trimmed  and  to  keep  the 
gauzes  clean.  There  is  nothing  of  the  sort  required  in  this 
electric  lamp,  2id.  will  cover  everything. 

Mr.  Fletcher  :  1  think  Mr.  Sweto  is  right  in  saying  that 
the  light  is  better  than  that  of  an  oil  lamp.  I  myself  have 
tried  them,  and  also  Mr.  Burrows,  and  after  he  has  spoken 
1  shall  be  glad  to  give  my  own  experience ;  but  in 
giving  us  his  experience  gained  with  this  lamp,  Mr.  Swete 
is  looking  at  it  from  the  point  of  view  of  the  overman  who 
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carries  a  lamp  for  examination,  and  the  advantages  of  the 
lamp  for  that  purpose  are  yery  great.  It  is  a  lamp 
for  the  use  of  the  overman,  for  whom  a  good  light  is 
especially  important,  in  order  that  he  may  examine  the 
condition  of  the  places  into  which  he  cannot  enter.  It  is 
most  important  to  be  able  to  see  the  condition  of  the  roof 
from  a  considerable  distance,  and  where  access  is  impossible, 
and  especially  is  a  good  light  necessary  where  attention  has 
to  be  paid  to  the  building  of  walls  and  goaf  stowing  in 
long  wall  working,  &c.  But  when  the  Royal  Commission 
mentioned  ''  a  good  and  handy  light,"  they  were  not  thinking 
of  the  overmen,  but  of  the  workman, — possibly— on  his 
kneesy  in  a  steep  mine,  who  has  to  fix  his  light  on  a  prop, 
and  therefore  often  to  fix  a  prop — ^perhaps  a  heavy 
one, — ^before  he  can  move  his  light.  A  candle  he  can  fix 
in  position  where  an  oil  or  an  electric  lamp  which  has  to 
be  suspended,  and  is  heavy,  cannot  be  placed.  If  Mr. 
Swete  had  had  the  experience  of  an  underground  collier, 
he  woidd  not  have  claimed  to  rival  the  candle  in  its 
handiness  for  the  coal-getter,  whose  interest  we,  as  engineers, 
cannot  neglect.  Our  first  business  is  to  consider  the  safety 
of  the  men  working  under  our  direction,  and  then  only  the 
improvement  of  the  means  by  which  coal,  upon  which  all 
our  industries  depend,  can  be  extracted  from  the  earth* 
These  are  the  considerations  which  we  need  to  place  before 
the  interests  of  promoters  of  electrical  appliances,  or  even 
of  capitalists,  when  they  seek  to  substitute  any  light  by 
force,  for  the  superior  advantages  of  the  candle,  in  order  to 
save  themselves  from  the  consequences  of  failing  to  supply 
sufficient  ventilation, — consequences,  which  must  weigh  on 
their  sense  of  responsibility  more  than  those  from  falls  of 
roof  and  sides. 

Mr.  SwETB :   Although  I  cannot  claim  to  have  had  any 
experience  of  mining,  I  may  say  that  these  lamps  have  been 
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in  use  by  practical  miners  in  the  North  of  England  with 
most  satisfactory  results.  A  dozen  or  more  lamps  were  at 
one  colliery  taken  underground  every  day  for  a  fortnight^ 
and  at  the  end  of  that  time  the  men  were  asked  to  give  their 
experience,  they  all  said  that  they  preferred  the  electric 
lamp  to  the  Marsaut  for  handiness ;  it  did  not  go  out  if 
knocked  over ;  it  could  be  placed  back  from  the  face,  and 
once  set  down  there  was  no  need  to  move  it  again  during  a 
whole  day.  It  needed  no  emptying,  and  above  all,  they 
knew  that  they  were  absolutely  safe  with  it.  I  have  not 
been  down  a  pit  where  naked  candles  are  used,  and  cannot 
speak  of  the  merits  of  that  system  of  lighting,  but  I  believe 
the  practice  is  to  stick  the  stump  of  the  candle  in  a  piece  of 
clay  as  a  holder.  That  is  very  handy,  no  doubt,  but  in  my 
judgment  it  is  very  dangerous.  It  is  also  easily  knocked  over 
and  the  light  exting^uished.  Our  electric  lamp  cannot  be 
extinguished  by  any  simple  accident  of  that  kind,  the  glass 
must  first  be  broken,  and  the  glass  being  very  strong  is 
not  easily  broken. 

In  reply  to  questions,  Mr.  Swete  replied  that  a  five  unit 
machine,  costing  £75,  would  be  sufficient  to  charge  1000 
lamps.  It  required  a  ten-horse  power  engine  to  work 
it.  The  lamps  were  connected  together  in  series.  He 
believed  that  two  men  and  three  boys  would  be  quite 
capable  of  looking  after  1000  lamps.  They  coidd  connect 
them  up  ready  for  charging  in  half  an  hour. 

A  member  enquired  if  there  was  any  risk  from  over- 
charging the  lamps. 

Mr.  Swete  said,  none  whatever.  When  the  lamps  were 
fully  charged  volumes  of  hydrogen  gas  were  given  oflE. 
There  was  no  risk  of  deterioration  of  the  elements,  as  in 
some  other  batteries.  They  could  tell  by  the  fumes  of  hyd- 
rogen that  were  given  ofiP,  and  by  the  deep  plum  colour  of 
the  positive  plate,  when  the  lamps  were  fully  charged. 
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In  answer  to  Mr.  Bramall, 

Mr.  SwETE  said  that  1,000  hours  was  a  fair  ayerage  life 
of  an  incandescent  lamp. 

A  Member  :  The  electric  lamp  gives  the  miner  no  indi- 
cation of  the  presence  of  gas.  He  would  never  know  when 
he  got  into  an  atmosphere  of  carbonic  acid,  for  instance,  to 
detect  which  an  ordinary  safety  lamp  would  still  be 
necessary. 

Mr.  SwETB :  That  is  the  only  objection  that  can  be 
urged,  and  it  is  the  only  one  we  have  not  been  able  to  get 
over.  But  in  a  month  or  two  we  shall,  I  believe,  be  able  to 
give  you  a  perfect  safety  lamp  with  fire-damp  detector  and 
also  carbonic  acid  gas  detector.  Experiments  which  have 
been  perfectly  satisfactory  have  been  made  in  this  direction. 

Mr.  Fletcher  ;  Do  the  carbons  break  at  intervals  P 

Mr.  SwETE  :  We  have  never  known  one  to  break  unless 
it  had  served  the  full  average  term.  A  register  is  kept  of 
all  the  incandescent  lamps  used  and  the  number  of  hours 
run.     The  lamps  are  those  manufactured  by  Pitkins. 

Mr.  Fletcher  :  We  were  troubled  with  the  carbons  con- 
tinually breaking. 

Mr.  SwETB  :  Pitkins'  lamp  is  furnished  with  a  resistance 
to  check  the  first  flush  of  the  electro-motive  force,  as  if  the 
switch  is  turned  full  on  you  get  more  light  than  is  really 
needed,  and  the  carbon  filament  is  deteriorated  and  rendered 
liable  to  be  broken.  But  with  our  lamp,  we  have  an 
automatic  resistance  which,  as  I  said,  takes  ofi*  the  first 
flush  of  the  electro-motive  force ;  consequently,  the  lamps 
last  the  whole  life-time  of  1,000  hours.  We  buy  all  our 
lamps  from  Pitkin,  and  with  this  arrangement,  we  have  no 
trouble  with  them. 

Mr.  Fletcher  :  My  own  impression  in  using  them  was 
that  the  candle  made  a  fool  of  the  lamp — to  put  it  in 
common  parlance — and  the  Pitkin  lamp  made  a  fool  of  the 
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candle,  that  is,  in  the  intenaitj  akme  of  the  ligfat  it  gaT< 
It  was  beaatifnl,  and  the  m«i  would  hare  naed  thedeetrie 
preference  to  oil  lamps  if  they  could  hare  depended  on  th^ 
carbons  lasting.  Bat  they  were  liable  to  such  oonstaa^ 
break-downs. 

Mr.  Swfte:   We  do  not  find  it  so,  <m  aecoant,  as 
exj^ained,  of  the  employment  of  the  aatomatie  resistance. 
TUthont  that  we  should  be  troabled  in  the  same  way. 

Mr.  Bkamaix  pointed  oat  that  if  the  cost  of  each 
incandescent  lamp  was  Is.  6d.  or  26.  for  renewal,  the  cost  of 
maintenance  would  amoant  to  more  than  the  sum  mentioned 
by  Mr.  Swete,  namely,  2\i.  per  week  each.  The  renewal  at 
the  lamp  alone  woald  amoant  to  more  than  that.  In  the 
collieries  in  which  he  was  interested,  the  incandescent  lamps 
wereextensiTely  osed  for  lighting  parposes^  and  his  experience 
was  that  the  carbons  did  not  last  nearly  so  long  as  1000  boors. 
The  lamps  ased  are  the  Edison-Swan  lamps^  and  are  60,  75, 
and  100  Tolts  at  the  respective  installations. 

Mr.  Burrows  said  that  at  the  Atherton  Collieries  the 
Edison-Swan  lamps  had  been  in  ose  since  July  8th,  1887, 
and  only  two  had  been  changed  daring  that  period.  They 
worked  all  day  and  part  of  the  nighty  two  only  had  been 
brcJ^en,  and  these  bT  a  blow. 

Mr.  SwETE  said,  that  mach  depended  apon  the  steadiness 
of  the  engine. 

Mr.  Burrows  said,  they  had  employed  a  few  of  the 
Edison-Swan  lamps  on  the  sarface,  which  failed  entirely* 
he  beliered  on  accoant  of  the  damp  penetrating  the  plaster 
of  Paris. 

Mr.  Fletcher  :  Are  yoa  speaking  of  portable  or  of  fixed 
lamps? 

Mr.  Burrows  :    Fixed  lampsw 

Mr.  SwETE,  in  reply  to  a  member,  said  he  belieTed  it  was 
intended  to  adhere  to  the  offer  made  at  the  last  Wigan 
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meeting  to  maintain  the  lamps  for  3d.  per  week  per  lamp. 
He  might  state  that  one  of  the  lamps  exhibited  had  run 
for  22  hours,  although  it  was  supposed  to  be  only  a  12-hour8' 
lamp.  The  plates  gave  out  electrical  energy  to  the  very 
last  grain,  every  grain  of  the  plate  was  active  material. 

Mr.  Fletcher  :  These  lamps  for  colliers*  use,  I  under- 
stand, you  will  maintain  for  3d.  per  week. 

Mr.  SwETE :  Yes. 

Mr.  Fletcher  :  Considering  that  the  lamps  have  not  yet 
1)een  brought  into  practical  use  I  certainly  think  the  offer  a 
lold  one. 

Mr.  SvTETE :  The  tests  to  which  the  lamps  have  been 
subjected  have  been  sufficiently  long  to  be  deemed  practical. 

The  President  :  I  think  we  ought  to  be  extremely 
obliged  to  Mr.  Swete  for  coming  here  to  exhibit  and 
explain  this  lamp.  It  will  be  for  those  of  us  who  are 
interested  in  collieries  to  see  how  far  it  can  be  adopted. 


Mr.  J.  S*  Burrows  then  read  the  following  communication 
on  his  experience  in  working  the  Edison-Swan  lamp  : — 

NOTES    ON    WORKING    WITH    THE    EDISON 

SWAN  LAMP. 

By  Mr.  J.  S.  Burrows. 

The  following  remarks  are  simply  the  result  of  the 
writer's  experience  with  the  Edison  Swan  Portable  Electric 
Mining  Lamp,  and  are  not  intended  as  a  criticism  of  or 
comparison  with  any  other  lamp. 

My  observations  on  the  Edison  Swan  Lamp  may  be 
divided  into  three  parts,  viz.  : — 

1.  The  good  qualities  of  the  lamp. 

2.  The  bad  qualities  of  the  lamp. 

3.  Some  rough  indications  of  what  is  required  to  adapt 

the  lamp  for  general  use. 
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Mr.  G.  H.  HoLLiNGWORTH  (Honorary  Secretary) 
announced  that  arrangements  were  being  made  for  the 
holding  of  an  Evening  Meeting  in  the  Museum  of  the 
Owens  College,  on  Tuesday,  the  29th  inst.,  when  the 
geological  and  natural  history  collections  would  be  open  for 
the  inspection  of  the  members. 

A  paper  had  also  been  promised  by  Mr.  P.  H.  Kendall, 
on  the  Volcanic  Rocks  of  the  Island  of  Mull. 


PREMATURE  EXPLOSIONS  OF  GUNPOWDER. 
By  Mr.  Jambs  Geundy,  H.M.  Inspector  of  Mines. 


The  short  paper  that  I  propose  to  bring  before  the 
Society  to-day,  and  the  experiments  to  illustrate  it  are, 
in  great  part,  reproductions  of  those  I  brought  before  the 
last  meeting  of  the  Society  in  Manchester;  but  as  they 
were  then  brought  on  near  the  close  of  the  meeting,  I  have 
been  requested  to  bring  them  before  you  to-day. 

The  experiment  is  but  a  small  one,  but  in  all  essential 
particulars  it  is  very  old ;  having  been  a  favourite  at 
Physical  Science  Lectures  for  a  large  number  of  years.  It 
is  not  at  all  new  to  this  Society,  for  the  late  Dr.  Angus 
Smith  described  and  exhibited  the  apparatus,  some  years 
ago,  to  illustrate  a  paper  read  by  him  ;  and  Mr.  Dickinson 
made  use  of  the  principle  involved,  in  a  Report  which  was 
presented  to  both  Houses  of  Parliament  in  1887,  on  the 
Udston  Colliery  Explosion. 

But  a  good  experiment  can  often  be  made  to  illustrate 
and  explain  many  occurrences,  which  do  not  at  first  sight 
appear  to  have  anything  in  common ;  and  I  offer  this  one  as  a 
probable  explanation  of  some  premature  explosions  during 
the  stemming  of  shot  holes. 
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There  have  been  several  cases  of  gunpowder  exploding 
while  the  hole  was  being  stemmed  with  a  wooden  stemmer, 
and  similar  accidents  have  occurred  when  copper  stemmers 
were  being  used,  and  several  theories  have  been  brought 
forward  to  account  for  them.  If  two  hard  stones  be  made 
to  strike  each  other,  you  can  get  feeble  sparks ;  and  I 
believe  it  has  been  suggested  that  some  of  the  premature 
gunpowder  explosions  have  occurred  through  a  piece  of 
hard  stone,  that  may  have  stuck  into  the  end  of  the  wooden 
stemmer,  striking  fire  at  another  hard  stone  on  the  side  of 
the  drill  hole.  And  also  where  a  copper  stemmer  was  being 
used,  by  the  copper  striking  fire  against  a  piece  of  iron- 
stone, or  other  hard  stone,  on  the  side  of  the  hole.  Simply 
speaking  of  my  own  observations,  I  have  never  seen  but 
very  feeble  sparks,  either  when  two  hard  stones  have  been 
struck  together,  or  when  a  hard  stone  has  been  struck  with 
copper.  But  the  sparks  given  off  when  copper  is  being 
used,  depends  a  great  deal  on  the  hardness,  both  of  the 
copper  and  the  stone  struck ;  and  from  the  fact  that  both 
copper  and  brass  are  hardened  by  rolling  and  hammering, 
it  seems  to  be  a  natural  inference,  that  the  more  a  copper 
or  brass  stemmer  is  used,  the  more  likely  it  is  to  give  off 
sparks  when  struck  against  something  hard.  As  the  days 
of  iron  stemmers  is  past,  their  use  being  illegal,  an  accident 
caused  by  such  a  stemmer  would  scarcely  be  described  as 
premature ;  I  shall  not  therefore  say  any  more  on  that 
point. 

My  experiment  may  be  looked  upon  as  an  alternative 
way  of  accoimting  for  premature  explosions  of  gunpowder 
during  stemming ;  and  I  propose  to  explain  it  by  drawing 
a  comparison  between  such  an  accident  as  has  been  referred 
to,  and  the  experiment  itself ;  directing  your  attention  to 
the  similarity  between  the  conditions  prevailing  in  the  two 
cases.      I  have  been  told  of  an  accident  which  is  believed  to 
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have  occurred  under  the  following  circumstances: — ^A  collier 
had  drilled  a  shot  hole,  and  was  proceeding  to  charge  and 
stem  it.     He  put  his  charge  of  bobbin  powder  and  fuze  into 

the  hole,  and  then  followed  what  the  collier 
himself  described  as  ''a  big  handful  of  paper;" 
and  he  declared  that  he  was  in  the  act  of 
pushing  this  paper  wadding  down  the  hole,  by 
means  of  a  copper  stemmer,  when  the  powder 
exploded. 

Now  compare  the  conditions  with  this 
apparatus,  and  the  experiment  to  follow. 
Description  ; — ^A  (on  sketch)  is  a  brass  tube^ 
having  one  end  made  air-tight  by  means  of 
a  screw  and  leather  washer.  This  tube  is  to 
represent  the  shot-hole,  and  may  be  made  of 
brass,  glass,  or  any  other  suitable  materiaL 
B  is  a  brass  rod  to  represent  the  stemmer,  and 
is  made  to  fit  air-tight  in  the  tube  by  means  of 
a  leather  ring  (c).  This  leather  ring  may  be 
taken  to  represent  the  wadding,  or  paper,  which 
was  being  pushed  into  the  hole.  The  charge 
of  gunpowder  is  kept  in  front  of  the  stemmer 
and  wadding,  and  protected  from  any  effects  of 
tX3  friction,  by  being  placed  in  a  small  cavity  (d) 
at  the  end  of  the  rod.  Now  if  the  rod  be 
made  to  carry  the  charge  and  air-tight 
wadding,  quickly  and  forcibly  too  near  the 
bottom  of  the  tube,  the  compressed  air  in 
front  will  give  off  sufficient  heat,  a/  one  stroke, 
to  ignite  the  gunpowder.  I  will  now  show 
this.  (Experiment  performed.)  You  saw  that 
as  soon  as  I  pressed  the  piston  down  with  my  hand,  it  was 
forced  back  again,  and  sparks  and  smoke  rushed  out  of  the 
tube ;  showing  that  the  heat  given  off  by  the  compressed 
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air  had  fired  tbe  charge  of  gunpowder.  And  that  there 
was  not  any  chnming  of  the  air  required,  one  ^mall  stroke 
being  quite  sufficient. 

Some  small  portion  of  a  paper  cartridge  may  possibly  be 
in  the  condition  of  a  piece  of  touch-paper.  This  may  be  the 
first  to  ignite,  in  such  a  case,  and  transmit  the  heat  to  the 
enclosed  charge.  I  will,  therefore,  repeat  the  experiment, 
which  I  can  do  quite  as  effectively  by  using  touch  paper, 
made  by  steeping  ordinary  blotting  paper  in  a  solution  of 
gunpowder  (experiment  repeated).  You  see  again  that  one 
small  stroke  of  the  piston  is  sufficient  to  set  the  touch-paper 
burning,  as  you  are  now  observing  it  do,  at  the  end  of  the 
piston. 

At  the  last  meeting,  Mr.  Herbert  Fletcher  suggested  that 
it  was  quite  possible  for  the  air  surrounding  the  outside  of  a 
water-cartridge,  to  give  off  sufficient  heat,  by  being  suddenly 
compressed  at  the  time  the  explosion  takes  place  inside  the 
cartridge,  to  ignite  any  firedamp  or  to  render  incandescent 
any  coal  or  rock  dust,  that  might  be  in  the  shot- 
hole.  He  also  said  that  water-cartridge  charges  when 
exploded,  sometimes  emitted  sparks,  and  ascribed  the  same 
reason  for  it.  But  Mr.  Bramall  said  he  had  never  heard 
of  any  sparks  from  shots,  fired  with  water  cartridges  at  their 
collieries,  although  they  had  used  some  thousands  during  the 
last  year ;  their  shot-lighters  having  been  particularly 
instructed  to  take  note  of  every  shot,  and  if  they  saw  a 
•park  to  report  it.  Mr.  Dickinson,  referring  to  General  Bule 
XII.  (e),  of  the  New  Mines  Act,  where  it  is  stated  that  "  no 
explosive  shall  be  forcibly  pressed  into  a  hole  of  insufficient 
size,''  said  that  "  this  was  stated  not  only  with  regard  to 
the  possibility  of  firing  the  powder  by  the  compression  of 
the  air,  but  also  with  regard  to  the  powder — ^particularly 
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bobbin  powder — striking  fire  upon  any  little  projection  in 
the  hole,  through  the  hole  being  imperfectly  drilled." 

Some  of  the  matters  brought  before  you  in  this  paper 
are  such  that  difierences  of  opinion  may  be  reasonably 
entertained,  and  about  which  the  experiences  of  members 
may  greatly  vary  ;  1  shall,  therefore,  be  very  glad  if  mem- 
bers will  take  this  opportunity  for  ventilating  their  opinions, 
and  relating  their  experiences  on  the  matters  referred  to. 


A  vote  of  thanks  having  been  passed  to  Mr.  Grundy. 

Mr.  Herbert  Fletcher  said  he  felt  most  keenly  the  value 
of  such  papers  to  the  Society  as  the  one  Mr.  Grundy  had 
contributed  on  the  premature  explosion  of  gunpowder, 
which  seemed  to  him — ^and  it  had  come  as  a  sort  of  revela- 
tion— to  suggest  a  possible  cause  of  at  least  one  of  the 
disastrous  colliery  explosions  which  had  occurred  where 
the  water-cartridge  had  been  in  use.  The  experiment  had 
shown  what  force  could  be  exerted  by  the  arm  of  the 
operator.  It  had  shown  also,  that  by  compressing  the  air 
between  the  cartridge  and  the  rock  or  coal  surrounding  it 
the  explosion  could  generate  intense  heat  beyond  the 
influence  of  the  water.  He  obtained  information  during  the 
two  last  midsummer  excursions  of  the  North  of  England 
Institute  and  the  Midland  Institute  in  Scotland,  and  also 
on  the  Tyne,  of  experiments  with  water-cartridges,  in  which 
sparks  were  seen  several  times  which  could  not  be  accounted 
for.  These  experiments  were  conducted  in  the  open  air 
and  at  night,  where  the  efiect  of  the  water  in  all  directions, 
and  not  outwards  alone,  could  be  better  seen  than  in  the 
mine.  Mr.  Grundy  had  demonstrated  that  he  could  generate 
red  heat  by  compression  alone,  and  no  matter  how  small  the 
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quantity  of  air  compressed,  and  whether  powder  or  any 
other  explosive  substance  was  used,  it  was  only  a  question  of 
degree  of  compression,  and  of  the  separation  of  the  heat  so 
generated  from  the  water  by  the  cartridge  bag.  Mr. 
Grundy's  experiment  proved  conclusively  in  the  simplest 
and  most  irrefutable  manner  that  no  explosive  substance 
was  to  be  trusted  where  it  was  not  safe  to  use  it  without 
water,  and  any  coroner's  jury  investigating  the  occurrence 
of  any  explosion  would  be  justified  in  returning  a  verdict  of 
manslaughter  against  any  manager  who  so  used  and  trusted 
that  explosive.  He  did  not  think  they  could  say  too  much 
of  the  importance  of  Mr.  Grundy's  paper.  The  experiment 
itself  was  not  new,  but  this  application  was.  It  not  only 
showed  how  fire  might  be  generated  in  charging  a  shot,  but  it 
showed  how  fire  must  be  generated  in  the  discharge  of  a  shot, 
behind  the  cartridge  case  and  removed  from  the  quenching 
influence  of  the  water.  He  had  had  great  pleasure  in 
listening  to  what  Mr.  Grundy  had  said,  feeling  that  he  had 
put  one  more  spoke  in  the  wheel  of  those  who  would  bring 
science  to  aid  in  the  extracting  of  coal  under  circumstances 
that  were  not  allowed  by  the  Act  of  Parliament,  viz.,  where 
it  was  not  safe  to  use  an  open  light,  and  the  dust  was  not 
damped. 

Mr.  R.  B.  Mawson  said  he  would  like  to  ask  Mr.  Grundy 
if  he  could  get  air  red  hot  in  a  hole  three  feet  long  and  an 
inch  and  a  half  in  diameter. 

Mr.  Grundy  :  I  am  obliged  to  tell  Mr.  Mawson  that  I  do 
not  know. 

Mr.  Mawson  said  the  experiment  of  Mr.  Grundy  was  a 
very  old  one,  and  consisted  simply  of  compressing  a  very 
small  quantity  of  air  in  a  tight-fitting  cylinder,  and  it  was 
easy  to  see  that  that  could  be  easily  compressed  into  a  red 
heat,  and  Mr.  Fletcher  put  it  very  forcibly  when  he  said 
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that  gunpowder  was  not  safe  to  use  under  those  circum- 
stanoes,  but  they  must  bear  in  mind  that  comparisons  did 
not  agree  with  the  conditions  of  a  hole  down  the  pit  three 
feet  long  and  an  inch  and  a  half  in  diameter.  They  would 
get  very  much  more  air  in  the  hole,  and  it  woidd  be  a  very 
difficult  or  impossible  thing  to  get  that  red  hot. 

Mr.  Grundy  said  he  did  not  quite  agree  with  Mr.  Mawson. 
Take  for  instance  a  man  putting  a  charge  of  powder  into 
a  shot  hole,  then  putting  a  handful  of  paper  into  the  hole 
and  pushing  it  towards  the  end.  It  was  not  very  likely 
that  the  paper  wotdd  go  from  one  end  of  the  hole  to  the 
other.  Possibly  he  would  push  the  paper  wadding  until 
he  felt  the  compression  of  the  air  in  front  of  it  and 
would  think  it  was  some  other  resistance,  and  then  perhaps 
for  the  last  few  inches  so  compress  the  air  that  it  would 
give  off  sufficient  heat  to  ignite  the  powder. 

Mr.  B[all  said  he  thought  there  was  a  difficulty  about  the 
experiments,  because  in  the  tube  used  by  Mr.  Grundy  the 
imprisoned  compressed  air  at  the  beginning  would  be  forced 
right  down  to  the  end ;  but,  as  Mr.  Mawson  had  pointed 
out,  if  he  was  dealing  with  an  ordinary  drill  hole,  a  man 
woidd  put  in  his  charge  of  powder  at  the  end  of  the  hole 
only,  and  then  he  got  his  paper  so  that  his  column  of  air  was 
a  very  short  one,  and  could  not  be  compressed  in  the  way  it 
was  in  the  experiments,  and  for  that  reason  he  was  inclined 
to  agree  with  Mr.  Mawson  that  heat  could  not  be  got  up  in 
like  manner  in  an  ordinary  drill  hole. 

Mr.  Saint  asked  whether  Mr.  Grundy  could  arrive  at  the 
same  result  with  a  shorter  column. 

Mr.  Grundt  said  he  thought  it  could  be  arrived  at  under 
similar  conditions.  A  man  did  not  get  his  paper  and 
wadding    into   the    hole    at    once    so    as    to    render    it 
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airtight,  but  could  lie  not  do  it  when  pushing  the  paper 
down  the  hole  P  Really  he  was  compressing  the  air,  and  any 
man  in  that  way  could  cause  the  powder  to  explode. 

Mr.  Herbert  Fletcher  said  he  agreed  that  it  was 
impossible  to  cause  a  premature  explosion  in  any  hole  by  air 
compression  without  raising  the  air  to  a  great  temperature. 
The  heat  did  not  depend  on  the  quantity  of  air  but  on  the 
degree  to  which  it  was  compressed. 

The  President  said  he  thought  Mr.  Grundy's  idea  was  to 
show  that  the  compression  of  air  into  a  small  space  created 
heat,  and  therefore  caused  an  explosion,  and  Mr.  Fletcher 
took  up  the  idea  that  there  were  certain  instances  of  the 
compression  of  air  outside  water-cartridges.  There  was 
another  point  raised  as  to  powder  being  put  into  a  hole  and 
g^radually  pressed  forward,  compressing  the  air,  and  thereby 
causing  an  explosion.  It  was,  he  thought,  a  very  rare 
occurrence  that  the  stemming  was  so  suddenly  pushed 
forward  as  to  rapidly  compress  the  air ;  it  might,  however, 
occur  under  the  conditions  laid  down  by  Mr.  Grundy  in  case 
strong  wadding  was  used.  It  was  very  proper  that  the 
subject  should  be  discussed  and  brought  to  the  knowledge  of 
the  Society,  so  that  the  members  could  think  it  over.  There 
were  times  they  did  not  know  the  why  and  the  wherefore  of 
an  explosion,  and  such  papers  and  experiments  would  enable 
them  as  mining  engineers  to  conduct  their  work  with  much 
more  safety. 
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ON   THE  USE   OF  ROBURITE  IN    COAL  MINES. 

By  Mr.  James  Hilton. 


Robarlte  is  a  very  powerful  explosive,  and  as  many  of 
you  are  aware,  was  invented  by  Dr.  Roth,  a  German 
chemist,  in  1886,  and  was  first  used  in  this  country  in  1887. 

It  belongs  to  the  class  of  what  is  called  high  explosiveSy 
but  without  the  disadvantage  imfortunately  possessed  by 
some  of  them,  in  their  liability  to  accidental  explosion  under 
certain  conditions,  by  percussion  or  becoming  very  dangerous* 
by  undergoing  chemical,  molecular  or  mechanical  changes. 

Explosives  may  be  divided  into  two  classes,  first,  gun* 
powder  ;  and  second,  nitro-compounds.  Of  the  former  you 
all  know  what  a  very  many  valuable  lives  have  been  lost 
through  its  use  in  fiery  and  dusty  mines. 

The  latter  class,  before  Roburite  was  invented,  was 
found  to  be  very  little,  if  any,  safer  than  gunpowder,  until 
some  of  them  were  rendered  safe  by  that  very  valuable  and 
ingenious  discovery  of  the  water-cartridge. 

Roburite  consists  of  two  component  parts  non-explosive 
in  themselves,  but  which,  when  mixed,  form  a  very  powerful 
explosive.  It  is  especially  valuable  on  account  of  the 
perfect  safety  with  which  it  may  be  transported  and  stored, 
neither  friction,  percussion,  nor  heat  will  cause  it  to  explode. 
A  strong  detonator  being  required  to  explode  it.  Under 
pressure  it  is«  practically  flameless.  The  gases  evolved  in 
its  combustion  being  such  as  to  quench  any  initial  flame 
there  may  be.     In  fiery  mines  it  should  be  tamped  so  as  to 
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confine  the  gases,  and  give  them  a  chance  of  acting  on  the 
initial  flame  at  the  moment  of  ignition.  The  quenching 
element  being  chlorine.  Hydro-chloric  acid  gas  is  given  off 
on  explosion,  and,  being  incapable  of  supporting  combustion, 
it  prevents  the  spreading  of  the  flame.  The  effect  is  very 
similar  to  the  water-envelope  in  the  water-cartridge.  In 
Boburite,  the  quenching  element  is  certain  to  be  always 
present,  but  this  is  not  so  in  the  water-cartridge — either 
through  the  cartridge  leaking,  like  I  have  known  one  to  do, 
the  result  being  that  a  large  flame  came  from  the  shot-hole 
on  the  shot  going  off,  or  through  the  shot-firer  wilfully 
omitting  to  put  water  in  the  cartridge,  which  has  been  done 
frequently. 

The  following  memorandum  upon  the  gases  evolved  by 
the  decomposition  of  Roburite  is  given  by  the  inventor : — 

Memorandum  upon  the  Oases  evolved  by  the  Decomposition 

of  Roburite. 

1.  There  are  no  noxious  nitrous  fumes  evolved  by  the 
explosion  of  Roburite — ^but  like  every  other  explosive, — ^nay, 
every  other  combustible  substance,  it  must  produce  a  certain 
amount  of  carbonic  acid  gas.  But  the  following  investigation 
will  shew  that  the  gases  are  perfectly  harmless,  thus  bearing 
out  the  practical  experience  of  all  those  who  have  been 
present  at  the  explosion  of  Roburite. 

Dr.  Carl  Roth  gives  the  chemical  equation  for  the  decom- 
position of  Roburite  as  follows : — 

C,  H3  CI  (NOj),  +  9  1^4^03  =  6  COa  +  19  Ha  0  +  20  N+  H  CI 

•^- ' 

(OrgEnie)  (Inorganic) 

putting  the  molecular  weights  in  place  of  the  above  symbols — 
[202-5  +  720]   =    [  264      +      342      +      280     -|-      36-5  ] 

CartMHiicAcid.       Water.  Nitrogen.      Hydrochloric  Add 

922*6  =  922*5 
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2.  A  oharge  of  100  grammes  Roburite  (1543*2  grains  or 
nearly  ^  lb.)  may  be  taken  as  about  the  largest  whicli  would 
be  fired  in  any  one  shot  in  the  gallery  of  a  mine. 

The  922*5  :  264  =  100  :  a;  x  ^  =  23*6  grammes  carbonic 
acid  gas.  If  the  above  amount  be  diffused  in  even  the  most 
confined  space,  say  four  metres  each  way,  that  is  64  cubic 
metres  of  air.  Now  a  cubic  metre  of  air  (1000  Itre.  =  1  cubic 
metre)  weighs  1,293  grammes, — 64  cubic  metres  =  82JB2 
grammes.  Into  this  weight  of  atmospheric  air  is  dispersed 
an  additional  quantity  of  28*6  grammes  carbonic  acid,  which 
is  a  proportion  of  0*034  per  cent.  The  normal  percentage  of 
carbonic  acid  contained  in  atmospheric  air  is  0*04. 

A  single  workman,  of  about  24  years  of  age,  exhales  44*7 
grammes  of  carbonic  acid  per  hour.  In  the  above  calculation 
no  allowance  has  been  made  for  the  rapid  diffusion  of  the 
air,  which,  in  a  few  seconds,  would  remove  the  surplus 
percentage  of  carbonic  acid.  In  fact,  the  effect  would  be 
practically  '*  nil "  compared  with  that  of  an  ordinary  London 
fog,  since  it  has  been  computed  that,  in  the  latter  case,  the 
amount  of  carbonic  acid  gas  contained  in  the  air  is  increased 
about  fourfold.  Those  who  were  close  to  the  Roburite  shots 
fired  in  coal  mines  can  testify  that  the  air,  close  to  the  shot 
immediately  after  the  explosion  was  far  better  than  is  the 
case  in  the  Underground  Railway. 

Roburite  gives  rise  to  no  dense  nitrous  and  other  poisonous 
fumes  as  do  dynamite  and  gun  cotton. 

The  following  memoranda  and  rules  for  using  Roburite 
have  been  arranged  and  adopted  by  me  after  the  experience 
gained  in  firing  over  3500  charges  in  mines  under  my 
control : — 

1.  Roburite  can  only  be  exploded  effectively  by  a  specially 
strong  detonator,  containing  one  gramme  of  fulminate  of 
mercury. 
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2.  The  drill  hole  must  only  be  a  shade  larger  than  the 
diameter  of  the  cartridge,  and  is  more  saitable  when  machine 
driUed. 

3.  Open  one  end  of  the  cartridge,  bore  a  hole  down  the 
centre  of  it,  with  a  wooden  peg,  and  then  insert  the  detona- 
tor well  into  the  middle  of  the  cartridge.  Xext,  tie  the 
covering  of  the  cartridge  firmly  to  the  fuse. 

4.  In  tamping,  ^be  careful  to  use  dry  material,  and  to 
ram  the  hole  very  lightly  for  the  first  three  or  four  inches, 
so  as  not  to  displace  the  detonator  or  compress  the  Robarite. 
Afterwards  tamp  firmly  for  not  less  than  a  foot  with  clay  or 
damp'd  borings  from  the  drill  hole.  This  rule  is  most 
important  as  the  safety  of  the  ezpIosiTe  depends  on  the 
tamping. 

5.  Fire  the  detonators  with  an  electric  fuse  where  fire- 
damp is  given  ofE  or  coal  dust  is  present. 

6.  Store  the  Boburite  in  a  dry  place,  and  if  the  hole  is 
wet  fire  ^e  charge  as  quickly  as  possible  after  it  has  been 
placed  in  the  hole. 

7.  If  the  charge  misses  fire,  disconnect  the  cable  from  the 
battery,  and  wait  ten  minutes  before  going  to  it  For 
•Ithoagh  there  has  not  been  a  single  case  of  hanging  fire 
with  me  in  over  3500  shots,  yet  I  have  heard  of  an  accident 
happening  through  a  shot  hanging  fire  for  a  few  minutes. 
It  ia  auppoaed  that  the  paper  at  the  end  of  tlie  eleotiio  fuse 
inserted  into  the  detonator,  smoaldered  for  a  short  time,  and 
find  the  fnlminate  of  meroozy. 

^w  aooompanying  ieotioai  al  an  aleotrio  fuia  and  detonator 
will  aanit  in  dunring  how  it  ii  poanUe  fin  sooh  an  tuuotpeoted 

ftmg  to  DOCUT. 

I  append  hereto  particulars  of  some  of  the  most  imp< 
experiments,   together  with  a  drawing  of  the  i 
rJ^B^ycd  ii 
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ROBXTBITE  experiments,  ALEXANDRA  PEP. 

Pembsbtok  4ft.  Mine,  22nd  Deoembeb,  1887. 

Present:  Messrs.  W.  H.  Hewlett,  Bigg-Wither,  Ward,  Hilton, 
Webster,  Dean  and  Herr  (chemist),  and  Mr.  Hall  (H.M.  Inspector 
of  Mines). 

No.  1.— Ck>al  holed  3ft.  9in.,  drill  hole  2ft.  lOin.,  would  take  12oz. 
powder  to  blow  the  coal;  put  1  cartridge  (i.e.,  4oz.)  and  2ft.  of 
tamping.  Did  not  make  much  report,  and  did  not  blow  tamping  or 
coal,  but  loosened  the  coal  a  little ;  seemed  to  be  short  of  power ;  no 
light  or  sparks  at  all. 

No.  2. — Coal  holed  3ft.  9in.,  drill  hole  2ft.  lOin.,  would  need  nearly 
12oz.  powder;  put  IJ  cartridges  in,  equal  about  6oz.  of  roburite. 
Made  very  little  report,  and  did  not  blow  either  tamping  or  coal  (2ft. 
tamping) ;  no  light  or  sparks  at  all. 

No.  3. — In  4yd.  heading,  coal  holed  3ft.  5in.,  drill  hole  2ft.  9in., 
would  need  rather  better  than  12oz.  powder ;  put  2  cartridges  in  (t.e., 
8oz.  nearly),  12in.  tamping.    A  missed  shot. 

No.  4.— Coal  holed  3ft.  4in.,  drill  hole  2ft.  lOin.,  would  use  12oz. 
powder ;  put  2  cartridges  in  and  14in.  of  tamping.  Would  not  fire 
at  first,  and  then  went  off  with  very  little  report ;  did  not  blow  the 
coal,  but  loosened  it  a  little ;  no  one  watched  for  flame  or  sparks. 

No.  5. — Fast  shot  for  a  blown  out  shot,  hole  3ft.  4in. ;  IJ  cartridges 
and  Gin.  tamping.  There  was  a  decided  ray  or  flash  of  light,  with 
sparks,  which  seemed  to  be  brighter  when  it  got  to  the  other  side  of 
the  place.  Messrs.  Hewlett,  Hall,  and  Webster  saw  this,  and  also 
several  other  officials  of  the  company.  The  others  said  they  could 
not  see  anything. 

No.  6. — Same  hole  as  last ;  2  cartridges  and  Gin.  tamping.  Result 
same  as  No.  5,  though  more  decided.  This  was  seen  by  Messrs. 
Hewlett,  Hall,  Hilton,  and  Webster,  and  also  several  other  officials  of 
the  Company.    The  others  said  they  could  not  see  anything  still. 

No.  7. — ^Fast  shot  blown  out  on  opposite  side  of  place  to  the  last  two. 
Hole,  3ft.  4in.,  1}  cartridges,  12in.  tamping.  No  sparks  or  light 
were  seen. 
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bobbin  powder — striking  fire  upon  any  little  projection  in 
the  hole,  through  the  hole  being  imperfectly  drilled." 

Some  of  the  matters  brought  before  you  in  this  paper 
are  such  that  differences  of  opinion  may  be  reasonably 
entertained,  and  about  which  the  experiences  of  members 
may  greatly  vary  ;  1  shall,  therefore,  be  very  glad  if  mem- 
bers will  take  this  opportunity  for  ventilating  their  opiniouB, 
and  relating  their  experiences  on  the  matters  referred  to. 


A  vote  of  thanks  having  been  passed  to  Mr.  Gnmdy. 

Mr.  Herbert  Fletcher  said  he  felt  most  keenly  the  value 
of  such  papers  to  the  Society  as  the  one  Mr.  Grundy  had 
contributed  on  the  premature  explosion  of  gunpowder, 
which  seemed  to  him— and  it  had  come  as  a  sort  of  revek- 
tion — to  suggest  a  possible  cause  of  at  least  one  of  the 
disastrous  colliery  explosions  which  had  occurred  where 
the  water-cartridge  had  been  in  use.  The  experiment  had 
shown  what  force  could  be  exerted  by  the  arm  of  the 
operator.  It  had  shown  also,  that  by  compressing  the  air 
between  the  cartridge  and  the  rock  or  coal  surrounding  it 
the  explosion  could  generate  intense  heat  beyond  the 
influence  of  the  water.  He  obtained  information  during  the 
two  last  midsummer  excursions  of  the  North  of  England 
Institute  and  the  Midland  Institute  in  Scotland,  and  also 
on  the  Tyne,  of  experiments  with  water-cartridges,  in  which 
sparks  were  seen  several  times  which  could  not  be  accounted 
for.  These  experiments  were  conducted  in  the  open  air 
and  at  night,  where  the  effect  of  the  water  in  all  directions, 
and  not  outwards  alone,  could  be  better  seen  than  in  the 
mine.  Mr.  Gnmdy  had  demonstrated  that  he  could  generate 
red  heat  by  compression  alone,  and  no  matter  how  small  the 


No.  8. — Same  hole  as  No.  7.  Blown  out  shot ;  2  cartridges,  12in. 
tamping.  There  was  a  ray  or  flash  of  light  with  sparks,  which 
seemed  brighter  on  opposite  side  of  place ;  not  so  decided  as  Nos. 
5  and  6 ;  this  was  observed  by  everyone  watching. 

Note. — ^The  tamping  used  was  soft  warrant  in  all  cases. 

All  shots  were  fired  by  No.  24  explode  and  No.  5  detonators. 

/The  cartridges  used  in  the  experiments  had  come  from  Qermany 
and  were  old  ones,  and  this  would  account  for  some  of  them  having 
deteriorated,  and  therefore  either  not  going  off  or  not  blowing  the 
ooal. 

The  following  arrangements  and  experiments  have  been  made  by 
the  kind  pemussion  of  Mr.  W.  H.  Hewlett,  at  the  Wigan  Coal  and 
Iron  Company's  Works,  in  order  to  further  test  the  safety  of  roburite. 

Present :  Messrs.  W.  H.  Hewlett,  Webster,  Hilton,  E.  B.  Mawson, 
X>ean,  Cockson,  Leach,  and  Mr.  Hall,  H.M.  Inspector  of  Mines. 

The  apparatus  consists  of  the  following  (see  drawing) : — 1,  A  gas 
iiolder,  from  which  gas  is  conveyed  by  means  of  wrought-iron  pipes 
to  2,  a  cannon  placed  vertically  and  the  mouth  upwards.  The 
diameter  of  the  bore  is  2in.  at  the  top  and  1  jin.  at  the  bottom,  and  is 
SQin.  loDg.  There  is  a  gas  jet  on  each  side  of  the  mouth  of  the 
cannon,  and  over  them  is  placed  a  sheet-iron  box  3ft.  9in.  square  and 
9ft.  llin.  deep.  It  ia  without  bottom  and  the  top  is  fitted  with  a 
Xooee  wood  cover  with  an  18in.  hole  in  the  centre  for  the  force  of  the 
mbat  to  escape.  This  hole  is  covered  with  a  piece  of  light  oiled  canvas, 
^t  one  side  of  the  box  is  a  hole  for  testing  the  gas  mixture.  At  some 
previous  experiments  canvas  boxes  were  used,  but  were  not  found 
«a£Glciently  durable. 

let  ExPEBDfENT. — Charge  4oz.  of  blasting  powder,  4in.  tamping. 
Kred  into  an  explosive  mixture.  Large  flame  and  top  of  the  box 
Uown  off,  and  gas-jets  left  burning. 

2. — 4oz.  powder,  4in.  tamping.    Without  gas ;  large  flame. 
3.~^oz.  Boburite,  4in.  tamping.   Without  gas ;  no  flame  or  sparks. 
4. — 2oz.  Boburite,  4in.  tamping.  Without  gas ;  no  flame  or  sparks. 
5. — 2oz.  Gelignite,  4in.  tamping.    No  gas ;  moderate  flame. 
6. — ^2qz.  Boburite,  4in.  tamping.    Fired  into  an  explosive  mixture ; 
Ho  flame  or  sparks. 

7. — Same  again;  no  flame  or  sparks. 
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that  gunpowder  was  not  safe  to  use  under  those  circum- 
stances, but  they  must  bear  in  mind  that  comparisons  did 
not  agree  with  the  conditions  of  a  hole  down  the  pit  three 
feet  long  and  an  inch  and  a  half  in  diameter.  They  would 
get  very  much  more  air  in  the  hole,  and  it  would  be  a  very 
di£B.cult  or  impossible  thing  to  get  that  red  hot. 

Mr.  Grundt  said  he  did  not  quite  agree  with  Mr.  Mawson. 
Take  for  instance  a  man  putting  a  charge  of  powder  into 
a  shot  hole,  then  putting  a  handful  of  paper  into  the  hole 
and  pushing  it  towards  the  end.  It  was  not  very  likely 
that  the  paper  would  go  from  one  end  of  the  hole  to  the 
other.  Possibly  he  would  push  the  paper  wadding  until 
he  felt  the  compression  of  the  air  in  front  of  it  and 
would  think  it  was  some  other  resistance,  and  then  perhaps 
for  the  last  few  inches  so  compress  the  air  that  it  would 
give  off  sufficient  heat  to  ignite  the  powder. 

Mr.  Hall  said  he  thought  there  was  a  difficulty  about  the 
experiments,  because  in  the  tube  used  by  Mr.  Gnmdy  the 
imprisoned  compressed  air  at  the  beginning  would  be  forced 
right  down  to  the  end ;  but,  as  Mr.  Mawson  had  pointed 
out,  if  he  was  dealing  with  an  ordinary  drill  hole,  a  man 
would  put  in  his  charge  of  powder  at  the  end  of  the  hole 
only,  and  then  he  got  his  paper  so  that  his  column  of  air  was 
a  very  short  one,  and  could  not  be  compressed  in  the  way  it 
was  in  the  experiments,  and  for  that  reason  he  was  inclined 
to  agree  with  Mr.  Mawson  that  heat  could  not  be  got  up  in 
like  manner  in  an  ordinary  drill  hole. 

Mr.  Saint  asked  whether  Mr.  Grundy  could  arrive  at  the 
same  result  with  a  shorter  column. 

Mr.  Grundt  said  he  thought  it  could  be  arrived  at  under 
similar  conditions.  A  man  did  not  get  his  paper  and 
wadding    into   the    hole    at    once    so    as    to    render    it 
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airtight,  but  could  he  not  do  it  when  pushing  the  paper 
down  the  hole  P  Really  he  was  compressing  the  air,  and  any 
man  in  that  way  could  cause  the  powder  to  explode. 

Mr.  Herbert  Fletcher  said  he  agreed  that  it  was 
impossible  to  cause  a  premature  explosion  in  any  hole  by  air 
compression  without  raising  the  air  to  a  great  temperature. 
The  heat  did  not  depend  on  the  quantity  of  air  but  on  the 
degree  to  which  it  was  compressed. 

The  President  said  he  thought  Mr.  Grundy's  idea  was  to 
show  that  the  compression  of  air  into  a  small  space  created 
heat,  and  therefore  caused  an  explosion,  and  Mr.  Fletcher 
took  up  the  idea  that  there  were  certain  instances  of  the 
compression  of  air  outside  water-cartridges.  There  was 
another  point  raised  as  to  powder  being  put  into  a  hole  and 
gradually  pressed  forward,  compressing  the  air,  and  thereby 
causing  an  explosion.  It  was,  he  thought,  a  very  rare 
occurrence  that  the  stemming  was  so  suddenly  pushed 
forward  as  to  rapidly  compress  the  air ;  it  might,  however, 
occur  under  the  conditions  laid  down  by  Mr.  Grundy  in  case 
strong  wadding  was  used.  It  was  very  proper  that  the 
subject  should  be  discussed  and  brought  to  the  knowledge  of 
the  Society,  ao  that  the  members  could  think  it  over.  There 
were  times  they  did  not  know  the  why  and  the  wherefore  of 
an  explosion,  and  such  papers  and  experiments  would  enable 
them  as  mining  engineers  to  conduct  their  work  with  much 
more  safety. 
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ON   THE  USE   OF  ROBURITE  IN    COAL  MINES. 

By  Mr.  James  Hilton. 


Robarlte  is  a  very  powerful  explosive,  and  as  many  of 
you  are  aware,  was  invented  by  Dr.  Roth,  a  German 
chemist,  in  1886,  and  was  first  used  in  this  country  in  1887. 

It  belongs  to  the  class  of  what  is  called  high  explosives, 
but  without  the  disadvantage  unfortunately  possessed  by 
some  of  them,  in  their  liability  to  accidental  explosion  under 
certain  conditions,  by  percussion  or  becoming  very  dangerou8« 
by  undergoing  chemical,  molecular  or  mechanical  changes. 

Explosives  may  be  divided  into  two  classes,  first,  gun- 
powder ;  and  second,  nitro-compounds.  Of  the  former  you 
all  know  what  a  very  many  valuable  lives  have  been  lost 
through  its  use  in  fiery  and  dusty  mines. 

The  latter  class,  before  Roburite  was  invented,  was 
found  to  be  very  little,  if  any,  safer  than  gunpowder,  until 
some  of  them  were  rendered  safe  by  that  very  valuable  and 
ingenious  discovery  of  the  water-cartridge. 

Roburite  consists  of  two  component  parts  non-explosive 
in  themselves,  but  which,  when  mixed,  form  a  very  powerful 
explosive.  It  is  especially  valuable  on  account  of  the 
perfect  safety  with  which  it  may  be  transported  and  stored, 
neither  friction,  percussion,  nor  heat  will  cause  it  to  explode. 
A  strong  detonator  being  required  to  explode  it.  Under 
pressure  it  is«  practically  flameless.  The  gases  evolved  in 
its  combustion  being  such  as  to  quench  any  initial  flame 
there  may  be.     In  fiery  mines  it  should  be  tamped  so  as  to 
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confine  the  gaises,  and  give  them  a  chance  of  acting  on  the 
initial  flame  at  the  moment  of  ignition.  The  quenching 
element  being  chlorine.  Hydro-chloric  acid  gas  is  given  o£F 
on  explosion,  and,  being  incapable  of  supporting  combustion, 
it  prevents  the  spreading  of  the  flame.  The  effect  is  very 
similar  to  the  water-envelope  in  the  water-cartridge.  In 
Boburite,  the  quenching  element  is  certain  to  be  always 
present,  but  this  is  not  so  in  the  water-cartridge — either 
through  the  cartridge  leaking,  like  I  have  known  one  to  do, 
the  result  being  that  a  large  flame  came  from  the  shot-hole 
on  the  shot  going  off,  or  through  the  shot-flrer  wilfully 
omitting  to  put  water  in  the  cartridge,  which  has  been  done 
frequently. 

The  following  memorandum  upon  the  gases  evolved  by 
the  decomposition  of  Boburite  is  given  by  the  inventor : — 

Memorandum  upon  the  Oases  evoked  by  the  Decomposition 

of  Roburiie. 

1.  There  are  no  noxious  nitrous  fumes  evolved  by  the 
explosion  of  Boburite — ^but  like  every  other  explosive, — nay, 
every  other  combustible  substance,  it  must  produce  a  certain 
amount  of  carbonic  acid  gas.  But  the  following  investigation 
will  shew  that  the  gases  are  perfectly  harmless,  thus  bearing 
out  the  practical  experience  of  all  those  who  have  been 
present  at  the  explosion  of  Boburite. 

Dr.  Carl  Both  gives  the  chemical  equation  for  the  decom- 
position of  Boburite  as  follows : — 

C,  H,  CI  (NOj),  -I-  9  KH^  NO3  =  6  COa  -I- 19  Ha  0  +  20  N  -I-  H  CI 

N^ • 

(Organic)  (Inorganic) 

putting  the  molecular  weights  in  place  of  the  above  symbols — 
[202-5  +  720]   =    [  264      +      342      +      280     -|-      36-5  ] 

OartMHiicAcid.      Water.  Nitrogen.      Hydrochloric  Add 

922-6  =  922*5 
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2.  A  oharge  of  100  grammes  Roburite  (1543*2  grains  or 
nearly  ^  lb.)  may  be  taken  as  about  the  largest  whicb  would 
be  fired  in  any  one  shot  in  the  gallery  of  a  mine. 

The  922-5  :  264  =  100  :  a;  x  ^i?  =  23-6  grammes  carbonic 
acid  gas.  If  the  above  amount  be  diffused  in  even  the  most 
confined  space,  say  four  metres  each  way,  that  is  64  cubic 
metres  of  air.  Now  a  cubic  metre  of  air  (1000  Itre.  =  1  cubic 
metre)  weighs  1,293  grammes, — 64  cubic  metres  =  8^,759 
grammes.  Into  this  weight  of  atmospheric  air  is  dispersed 
an  additional  quantity  of  28'6  grammes  carbonic  acid,  which 
is  a  proportion  of  0*034  per  cent.  The  normal  percentage  of 
carbonic  acid  contained  in  atmospheric  air  is  0*04. 

A  single  workman,  of  about  24  years  of  age,  exhales  44*7 
grammes  of  carbonic  acid  per  hour.  In  the  above  calculation 
no  allowance  has  been  made  for  the  rapid  difiusion  of  the 
air,  which,  in  a  few  seconds,  would  remove  the  surplus 
percentage  of  carbonic  acid.  In  fact,  the  effect  would  be 
practically  '*  nil "  compared  with  that  of  an  ordinary  London 
fog,  since  it  has  been  computed  that,  in  the  latter  case,  the 
amount  of  carbonic  acid  gas  contained  in  the  air  is  increased 
about  fourfold.  Those  who  were  close  to  the  Roburite  shots 
fired  in  coal  mines  can  testify  that  the  air,  close  to  the  shot 
immediately  after  the  explosion  was  far  better  than  is  the 
case  in  the  Underground  Railway. 

Roburite  gives  rise  to  no  dense  nitrous  and  other  poisonous 
fumes  as  do  dynamite  and  gun  cotton. 

The  following  memoranda  and  rules  for  using  Roburite 
have  been  arranged  and  adopted  by  me  after  the  experience 
gained  in  firing  over  3500  charges  in  mines  under  my 
control : — 

1.  Roburite  can  only  be  exploded  effectively  by  a  specially 
strong  detonator,  containing  one  gramme  of  fulminate  of 
mercury. 


2.  The  drill  hole  muBt  only  be  a  shade  larger  than  the 
diameter  of  the  cartridge^  and  is  more  suitable  when  machine 
drilled. 

3.  Open  one  end  of  the  cartridge,  bore  a  hole  down  the 
centre  of  it,  with  a  wooden  peg,  and  then  insert  the  detona- 
tor well  into  the  middle  of  the  cartridge.  Next,  tie  the 
covering  of  the  cartridge  firmly  to  the  fuse. 

4.  In  tamping,  [be  careful  to  use  dry  material,  and  to 
ram  the  hole  very  lightly  for  the  first  three  or  four  inches, 
80  as  not  to  displace  the  detonator  or  compress  the  Boburite. 
Afterwards  tamp  firmly  for  not  less  than  a  foot  with  clay  or 
damp'd  borings  from  the  drill  hole.  This  rule  is  most 
important  as  the  safety  of  the  explosive  depends  on  the 
tamping. 

5.  Fire  the  detonators  with  an  electric  fuse  where  fire- 
<lamp  is  given  off  or  coal  dust  is  present. 

6.  Store  the  Roburite  in  a  dry  place,  and  if  the  hole  is 
"wet  fire  the  charge  as  quickly  as  possible  after  it  has  been 
])laced  in  the  hole. 

7.  If  the  charge  misses  fire,  disconnect  the  cable  from  the 
^l)attery,  and  wait  ten  minutes  before  going  to  it.  For 
^though  there  has  not  been  a  single  case  of  hanging  fire 
^^ith  me  in  over  3500  shots,  yet  I  have  heard  of  an  accident 
liappening  through  a  shot  hanging  fire  for  a  few  minutes, 
^t  is  supposed  that  the  paper  at  the  end  of  the  electric  fuse 
^Snserted  into  the  detonator,  smouldered  for  a  short  time,  and 
£red  the  fulminate  of  mercury. 

The  accompanying  section  of  an  electric  fuse  and  detonator 
'^nll  assist  in  showing  how  it  is  possible  for  such  an  unexpected 
^thing  to  occur. 

I  append  hereto  particulars  of  some  of  the  most  important 
viperimentSy  together  with  a  drawing  of  the  apparatus 
employed  in  some  of  them. 
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EOBlfEITE  EXPERIMENTS,  ALEXANDRA  PIT. 

Pembebton  4ft.  Mote,  22nd  Deoembeh,  1887. 

Present:  Messrs.  W.  H.  Hewlett,  Bigg- Wither,  Ward,  Hilton, 
Webster,  Dean  and  Herr  (chemist),  and  Mr.  Hall  (H.M.  Inspectctr 

of  Mines). 

No.  1.— Coal  holed  3ft.  9in.,  drill  hole  2ft.  lOin.,  would  take  12oz. 
powder  to  blow  tiie  coal;  put  1  cartridge  (i.e.,  4oz.)  and  2ft.  of 
tamping.  Did  not  make  much  report,  and  did  not  blow  tamping  or 
coal,  but  loosened  the  coal  a  little ;  seemed  to  be  short  of  power ;  no 
light  or  sparks  at  all. 

No.  2. — Coal  holed  3ft.  9in.,  drill  hole  2ft.  lOin.,  would  need  nearly 
12oz.  powder;  put  1^  cartridges  in,  equal  about  6oz.  of  roburite. 
Made  very  little  report,  and  did  not  blow  either  tamping  or  coal  (2ft. 
tamping) ;  no  light  or  sparks  at  aU. 

No.  3. — In  4yd.  heading,  coal  holed  3ft.  5in.,  drillhole  2ft.  9in., 
would  need  rafcher  better  than  12oz.  powder ;  put  2  cartridges  in  (t.e., 
8oz.  nearly),  12in.  tamping.    A  missed  shot. 

No.  4. — Coal  holed  Sft.  4in.,  drill  hole  2ft.  lOin.,  would  use  12oz. 
powder ;  put  2  cartridges  in  and  14in.  of  tamping.  Would  not  fire 
at  first,  and  then  went  o&  with  very  little  report ;  did  not  blow  the 
coal,  but  loosened  it  a  little ;  no  one  watched  for  flame  or  sparks. 

No.  5. — Fast  shot  for  a  blown  out  shot,  hole  Sft.  4in. ;  1^  cartridges 
and  Gin.  tamping.  There  was  a  decided  ray  or  flash  of  light,  with 
sparks,  which  seemed  to  be  brighter  when  it  got  to  tiie  other  side  of 
the  place.  Messrs.  Hewlett,  Hall,  and  Webster  saw  this,  and  also 
several  other  officials  of  the  company.  The  otiiers  said  they  could 
not  see  anything. 

No.  6. — Same  hole  as  last ;  2  cartridges  and  6in.  tamping.  Result 
same  as  No.  5,  though  more  decided.  This  was  seen  by  Messrs. 
Hewlett,  Hall,  Hilton,  and  Webster,  and  also  several  other  officials  of 
the  Company.    The  others  said  they  could  not  see  anything  still. 

No.  7. — Fast  shot  blown  out  on  opposite  side  of  place  to  the  last  two. 
Hole,  Sft.  4in.,  1^  cartridges,  12in.  tamping.    No  sparks  or  light- 
were  seen.  :  .     ^ 


No.  8. — Same  hole  as  No.  7.  Blown  out  shot;  2  cartridges,  12iin. 
tamping.  There  was  a  ray  or  flash  of  light  witii  sparks,  which 
seemed  brighter  on  opposite  side  of  place ;  not  so  decided  as  Nos. 
5  and  6 ;  this  was  observed  by  eyeryone  watching. 

Note. — ^The  tamping  used  was  soft  warrant  in  all  cases. 

All  shots  were  fired  by  No.  24  explode  and  No.  5  detonators. 

«The  cartridges  used  in  tiie  experiments  had  come  from  Q^rmany 
and  were  old  ones,  and  this  would  account  for  some  of  them  haying 
deteriorated,  and  tiierefore  either  not  going  off  or  not  blowing  the 
coal. 

The  following  arrangements  and  experiments  haye  been  made  by 
the  kind  permission  of  Mr.  W.  H.  Hewlett,  at  the  Wigan  Coal  and 
Iron  Company's  Works,  in  order  to  further  test  the  safety  of  roburite. 

Present :  Messrs.  W.  H.  Hewlett,  Webster,  Hilton,  E.  B.  Mawson, 
Dean,  Cockson,  Leach,  and  Mr.  Hall,  H.M.  Inspector  of  Mines. 

The  apparatus  consists  of  the  following  (see  drawing) : — 1,  A  gas 

liolder,  from  which  gas  is  conyeyed  by  means  of  wrought-iron  pipes 

te  2,   a  cannon    placed  vertically  and  the  mouth  upwards.    The 

^iiameter  of  the  bore  is  2in.  at  the  top  and  1  jin.  at  the  bottom,  and  is 

SOin.  long.    There  is  a  gas  jet  on  each  side  of  the  mouth  of  the 

^2annon,  and  oyer  them  is  plskced  a  sheet-iron  box  3ft.  9in.  square  and 

9ft.  llin.  deep.    It  is  without  bottom  and  the  top  is  fitted  with  a 

Xooee  wood  cover  witii  an  18in.  hole  in  the  centre  for  the  force  of  the 

Qdiot  to  escape.    This  hole  is  covered  with  a  piece  of  light  oiled  canvas. 

«At  one  side  of  the  box  is  a  hole  for  testing  the  gas  mixture.    At  some 

^ueTious  experiments  canvas  boxes  were  used,  but  were  not  found 

^Eofficiently  durable. 

Ist  EzPEBiMEirr. — Charge  4oz.  of  blasting  powder,  4in.  tamping. 
^ired  into  an  explosive  mixture.  Large  flame  and  top  of  tiie  box 
\iilowxi  off,  and  gas-jets  left  burning. 

2. — 4oz.  powder,  4in.  tamping.    Without  gas ;  large  flame. 
3.— '2oz.  Boburite,  4in.  tamping.   Without  gas ;  no  flame  or  sparks. 
4. — 2oz.  Boburite,  4in.  tamping.  Without  gas ;  no  flame  or  sparks. 
6, — 2oz.  Gelignite,  4in.  tamping.    No  gas ;  moderate  flame. 
6. — 2qz.  Boburite,  4in.  tamping.    Fired  into  an  explosiye  mixture ; 
^  flame  or  sparks. 

7.— 8ame  again ;  no  Aadm  or  sparks. 
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8. — Same  again ;  no  flame  or  sparka. 

9. — 2oz.  Koburite,  no  tamping.  Box  remored  and  no  gas ;  flama 
about  ISin.  long  and  very  bright. 

10. — 2oz.  Koburite,  no  tamping.  Fired  in  box  full  of  inflammable 
mixture.  Result  explosion  with  about  20ft.  of  flame,  and  the  gaa 
at  the  pipes  left  burning. 

11. — 2oz.  Eoburite,  4in.  tamping.  Fired  into  exploeiye  mixture; 
no  flame  or  sparks. 

12. — 2oz.  Boburite,  4in.  tamping.  Fired  into  explosiye  miztoxe 
seemed  to  show  a  little  light ;  gas  not  lit. 

13. — ^Detonator  fired  in  explosive  mixture,  without  lighting  it. 

14. — 3oz.  Boburite,  4in.  tamping.  Fired  in  explosiye  mixture; 
did  not  light  the  gas ;  flash,  but  apparently  no  flame. 

15. — 4oz.  Eoburite,  Gin.  tamping.  Fired  in  explosive  mixture; 
no  flame  or  flash  seen. 

16. — 4oz.  Boburite,  Gin.  tamping.  Box  removed  and  gaa  turned 
on ;  light  seen  but  no  flame. 

17. — 3oz.  Boburite,  7in.  tamping  of  dry  ooal  dust.  No  box,  gaa 
turned  on ;  no  light  seen. 

18. — 4oz.  powder.  Gin.  tamping  of  dry  coal  dust.  Very  long  flame 
and  a  loud  report  produced. 

The  following  are  some  Boburite  shots  in  the  yard  mine  floor  at  the 
Woodshaw  Pit  belonging  to  the  Wigan  Coal  and  Iron  Company,  that 
I  went  down  to  watch  specially  for  sparks  or  flame : — 

No.  1  Shot. — In  very  hard  floor ;  hole  18in.  long  and  dipping  about 
1  in  2,  thickness  to  be  blown  15in.,  charge  4oz.,  would  take  8oz.  of 
blasting  powder,  tamping  12in.  No  sparks  given  off,  but  a  very 
small  dull  red  flash  was  seen. 

No.  2  Shot. — In  hard  floor ;  hole  34in.  long,  thickness  blown  15in., 
charge  Goz.,  tamping  27in.,  dip  of  hole  1  in  2.  Neither  flaah  nor 
sparks  seen. 

No.  3  Shot. — In  hard  floor ;  hole  34in.  long  and  dipping  1  in  3, 

thickness  blown  24in.,  charge  8oz.,  tamping  24in.    Neither  sparks 
nor  flash  seen. 

No.  4  Shot. — In  hard  floor :  hole  34in.  long,  charge  8oz.,  tamping 
24in.    Faint  reddish  flash  seen,  but  no  sparks. 
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No.  5  Shot  in  ooaL — ^A  cutting  shot ;  coaLs  holed  36m.  underneath, 
hole  35in.  deep,  3oz.  charge,  hole  bottomed,  coals  about  the  shot 
shattered.    Neither  sparks  nor  flash  seen. 

No.  6  same  as  No.  5.    Neither  sparks  nor  flash  seen. 

No.  7  same  as  No.  6.    Neither  sparks  nor  flash  seen* 

No.  8  same  as  No.  7.    Neither  sparks  nor  flash  seen. 

No.  9  Shot. — A  very  weak  one  in  hard  floor,  with  a  slip  running 
along  the  side  of  it ;  hole  18in.  deep  and  dipping  1  in  2,  thickness 
blown  15in.,  charge  4oz.,  and  13in.  tamping.  Dull  red  flash  seen, 
but  no  sparks. 

No.  10  Shot. — ^In  hard  floor ;  hole  34in.  deep  and  dipping  1  in  2, 
diarge  6oz.,  tamping  27in.,  thickness  blown  15in.  Neither  flash  nor 
sparks  seen. 

No.  11  Shot. — In  hard  floor ;  hole  34in.  deep  and  dipping  1  in  2, 
charge  Soz.,  tamping  24in.,  thickness  blown  24in.  Neitiier  flash  nor 
sparks  seen. 

No.  12  Shot  in  very  hard  floor.  Hole,  34in.  deep,  and  dipping 
1  in  2  ;  charge,  Soz. ;  tamping,  24in. ;  thickness  blown,  24in.  Faint 
reddish  flash  seen  but  no  sparks. 

In  the  number  of  roburite  shots  I  haye  already  mentioned  either 
sparks  or  a  flash  have  been  seen  on  an  average  once  in  a  hundred 
times.  But  in  none  of  these  that  I  have  seen  do  I  think  an  in- 
flammable mixture  would  haye  been  ignited,  ^'although  the  margin 
between  danger  and  safety  would  in  that  case  haye  been  yery  small. 
This  I  consider  a  satisfactory  result,  but  I  hope  that  if  anything 
further  can  possibly  be  done  by  the  Eoburite  Company  to  prevent 
sparking  they  will  do  it,  and  thus  render  their  explosive,  with  due 
precaution  in  tamping  the  charges,  absolutely  safe. 


Mr.  W.  S.  Barrett  said  he  had  great  pleasure  in  pro- 
pofiing  a  vote  of  thanks  to  Mr.  Hilton,  not  only  for  the 
benefits  he  had  conferred  apon  the  Society  by  reading  the 
paper,  but  for  the  time  he  must  have  spent  in  its  preparation. 
The  question  of  explosives  was  a  serious  one  to  the  colliery 
owner,  and  any  one  who  could  give  them  any  information 
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upon  it,  and  especially  about  roburite,  was  entitled  to  their 
hearty  thanks. 

Mr.  C.  CooKSON  seconded  the  motion,  and  said  he  could 
cordially  re-echo  what  Mr.  Barrett  had  stated.  Although 
some  of  the  experiments  were  not  new  to  him,  he  having 
had  the  privilege  of  witnessing  them  at  the  Wigan  Coal  and 
Iron  Co.,  yet  he  was  sure  the  paper  would  be  read  with  a 
great  deal  of  interest,  as  the  subject  was  of  great  importance 
to  the  colliery  industry. 

Mr.  Herbert  Fletcher  said  that  paper  afforded  him 
another  opportunity  for  a  word  of  warning  against  placing 
reliance  on  any  explosive,  which  depended  on  the  use  of 
water  or  other  quenching  substance  in  a  cartridge  case  to 
prevent  the  issue  of  sparks  in  places  where  the  absence  of 
gas  was  not  first  of  all  ascertained.  In  all  coal  mines 
maintaining  ventilation  was  the  chief  item  in  the  "  dead  " 
or  not  directly  remunerative  part  of  the  cost,  and  there  was 
always  a  temptation  to  shirk  this  expense.  They  should 
guard  against  the  tendency  of  the  use  of  any  kind  of 
apparatus  which  seemed  to  render  the  shirking  of  this 
duty  possible.  He  believed  in  the  great  majority  of  mines 
explosives  of  any  kind  might  be  used  without  danger  of 
gaseous  explosion,  but  the  claim  to  flamelessness  of  the  new 
explosives  should  not  lead  to  reliance  being  placed  on  that 
claim,  instead  of  on  ventilation  and  watering. 

Mr.  C.  F.  Clark  said  that  in  listening  to  Mr.  Hilton's 
paper,  what  had  more  particularly  struck  him  was  this, 
that  by  use  of  roburite  the  explosions,  which  had  been 
so  ably  illustrated  by  Mr.  Grundy,  would  not  be  liable 
to  take  place,  because  he  understood  that  neither  by 
concussion  or  heat  or  sparks  could  roburite  be  exploded. 
It  must  be  by  the  use  of  a  powerful  detonator,  and 
that,  however  air  might  be  compressed  into  the  hole  by 
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the  use  of  roburite  they  were  not  liable  to  hAve-  an  explosion 
similar  to  what  they  would  have  from  guiyjowder,  and, 
therefore,  he  thought  roburite  was  much  safer,  sCpu^  that  they 
would  get  on  better  by  its  aid  than  by  the  use  of  ^tfptowder. 
He  certainly  thought  from  all  the  experiments  he  had  jseen 
and  made,  and  they  had  been  considerable  in  number,"thaut'i.t 
was  a  much  safer  explosive  than  gunpowder.  They  knew  tjilif  . 
with  gxmpowder  when  a  blown-out  shot  took  place  it  gavV  ' 
off  a  very  large  flame  indeed,  especially  if  the  hole  had  been  - 
tamped  with  dust.  Now,  with  roburite  they  had  nothing  of 
the  sort.  It  was  possible  that  sometimes  they  might  have  a 
glare,  but  he  had  never  seen  any  sparks,  and  he  believed 
that  however  far  that  glare  extended,  or  how  short  a  distance 
from  the  mouth  of  the  hole,  that  it  was  not  dangerous.  He 
had  tried  it  without  any  tamping  whatever,  and  the  force 
exerted  seemed  to  have  been  as  much  as  if  the  hole  had  been 
tamped.  Whatever  Mr.  Fletcher  might  say  he  did  not 
believe  that  any  manager  would  attempt  to  fire  a  shot  of 
gunpowder  or  roburite  or  any  other  explosive  if  there  was 
any  gas  existing,  or  if  any  had  recently  been  seen. 

Mr.  W,  Watts  asked  if  he  was  right  in  supposing  that 
roburite  was  only  twice  the  strength  of  gunpowder.  Mr. 
Hilton  had  given  four  ounces  of  gxmpowder  to  two  of 
roburite. 

Mr.  Hilton  said  that  theoretically  it  was  much  stronger, 
but  they  called  it  twice  the  strength  of  gunpowder. 

Mr.  Watts  said  for  tunnel-driving  through  rocky  strata 
he  thought  powder  had  not  been  superseded.  He  had  been 
engaged  in  blasting  a  tunnel,  and  his  experience  was  that 
there  was  nothing  better  for  rocky  strata  than  powder 
combined  with  tonite  in  wet  ground.  Powder,  it  was  patent 
to  him,  was  not  an  explosive  they  could  put  on  one  side  for 
tunnel  driving,  but  he  did  not  advocate  its  use  in  fiery  mines. 
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Mr.  T.  D.'(3^ciMKB  said  he  would  like  to  make  a  few 

remarks  on,  hisr  experience  of  roburite.    Supposing  there  was 

any  air  rQund  the  cartridge  if  the  chlorine  extinguished  it  at 

the  8ax4'>me  it  extinguished  the  flame,  then  roburite  had  an 

element' of  safety  in  its  use  which  gunpowder  or  the  water- 

oartHdge  could  not  have.      He  beliered  that  aa  far  as 

i^eUing  was  concerned  roburite  was  ahnost  equal,  if  not 

:  ^.v^fperioT,  to  gunpowder.      He  might  say  that  at  Messrs. 

'/•..Evans'  colleries  they  were  driving  tunnels  of  considerable 

•.  /    length,  and  there  was  very  little  difference  in  the  power  of 

roburite  and  gunpowder ;  in  fact,  one  of  the  men  took  the 

contract  on  condition  that  he  would  be  allowed  to  use  the 

former. 

Mr.  W.  Bryham,  jun.  (Wigan) :  I  should  like  to  ask  Mr. 
Hilton  if  he  has  known  any  ill  effects  arise  from  the  roburite 
fumes  P 

Mr.  Hilton  :  I  have  purposely  exposed  myself  after  the 
shots  have  been  fired  to  see  what  would  be  the  effect  on 
myself,  and  my  experience  is  that  it  is  very  little,  if  any, 
different  to  gunpowder.  I  know  it  is  a  fact  that  some  of 
the  workmen  say  it  makes  their  throat  sore,  gives  them  a 
headache,  and  that  sort  of  thing,  whilst  others  say  they 
would  sooner  go  into  roburite  smoke  than  gunpowder  smoke. 
There  is  a  great  deal  of  difference  of  opinion  amongst  the 
workmen  about  it. 

Mr.  W.  Bryham,  jun.,  said  bis  reason  for  asking  the 
question  was  because  he  had  had  some  little  experience  of 
roburite.  They  had  fired  something  like  4,000  shots  in 
their  mines  and  they  had  never  had  a  single  complaint  from 
the  men,  the  firemen,  or  anyone  else  with  reference  to  the 
fumes.  The  drilling  of  the  holes  with  machine  drills 
was  also  better  done  than  by  the  hand  drill.  They  had 
not  had  a  single  blown  out  shot  or  perceived  any  sparks  or 
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flame.     He  had  every  confidence  so  far  that  roburite  was 
superior  to  gunpowder. 

Mr.  C.  GooKSON  said  he  had  not  seen  the  experiments 
of  Mr.  Grundy  illustrated  before,  and  he  agreed  they  were 
an    argument    in    favour    of    the    use    of    roburite.     He 
personally  did  not  think  it  could  happen  in  practice  that  the 
amount  of  heat  set  up  by  the  compression  of  air  could  be 
great  enough  to  ignite  gunpowder  6v  touch-paper,  but  if  that 
could  happen,  Roburite  would  be  perfectly  safe,  because  the 
detonator  was  so  deeply  buried  in  the  roburite  itself  as  to 
be  protected  from  the  heat  caused  by  the  compression  of 
air.     They   had   had  in  that  district   within  the  last  few 
years  several  accidents  by  which  men  had  lost  their  lives 
through  ignitions  of  gunpowder  which  had  not  been  clearly 
explained.     The   use   of    iron    and   copper    stemmers   had 
caused  premature  explosions   of   gunpowder,   and  on   this 
accoimt  we  have  a  strong  argument  in  favour  of  the  practical 
use  of  roburite  or  some  similar  safe  explosive.     For  six  or 
seven  months  they  had  used,  to  the  entire  exclusion  of  powder, 
Boburite  in  the  Wigan  four  feet  and  six  feet  mines  both  for 
coal,    roofing,   tunnelling,   and   sinking   work.     With   the 
exception  of  using  powder  in  some  of  their  sinking  opera- 
tions, they  had  used  Roburite  exclusively,  and  his  opinion 
^as  that  in  coal,  roburite  was   from   2^  to  3^  times  the 
strength  of  compressed  powder.     In  metal,  its  strength  was 
fx>n6iderably  greater — three  or  four  times — than  compressed 
powder.     At  this  colliery  the  shot-lighters  alone  fired  the 
shots,  and  there  were  only  five  men  who  had  anything  to 
do  with  the  roburite.     Those  men  were  the  same  they  had 
liad  seven  months  ago,  and  they  said  they  had  no  fault  to  find 
with  it,  no  difficulty  in  handling  it,  and  they  had  experienced 
no  ill  effects  from  the  fumes.     The  colliers,  officials,  and 
himself  were  thoroughly  satisfied  with  the  work  that  was 
done.    His  personal  observations  led  him  to  say  that  roburite 
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brought  down  the  coal  in  as  good  a  condition  as  gunpowder 
did.  He  was  perfectly  satisfied  with  the  use  of  it,  and 
believed  it  to  be  the  best,  the  cheapest,  and  the  safest 
explosiye  extant. 

Mr.  Hilton  said  he  had  not  had  any  experience  of  tonite^ 
but  he  was  told  it  was  liable  to  commence  burning  whilst 
being  charged.  It  was  a  powerful  explosive,  he  believed, 
and  there  was  no  fault  to  find  with  its  work. 

'Mr.  Watts  said  his  experience  of  tonite  did  not  confirm 
Mr.  Hilton's  observations.  They  had  used  tonite  and  gun- 
powder in  driving  500  or  600  yards  of  tunnel,  and  he  had 
not  had  any  experience  or  complaints  of  any  shots  burning 
or  of  any  mishap  whatever. 

Mr.  Hall  said  that  knowing  the  importance  of  the 
question  of  explosives  he  had  watched  the  experiments 
made  in  this  part  of  the  county,  and  he  had  taken  the 
opportunity  of  going  about  and  questioning  the  colliers  as 
to  their  experience  of  roburite.  The  conclusion  he  had 
come  to  was,  that  so  far  as  fumes  were  concerned  there  was  no 
danger,  or  that  they  were  not  at  any  rate  worse  than  those  of 
gunpowder.  If  a  place  was  badly  ventilated  the  fimies  might 
be  difficult  to  manage,  but  if  there  was  good  ventilation 
they  would  do  no  harm.  With  regard  to  the  handling  of 
roburite,  he  found  there  were  cases  where  it  had  made  the 
men  very  ill  indeed.  He  had  a  letter  from  a  doctor  in  this 
neighbourhood  who  said  he  had  two  serious  cases  on  his 
hands,  where  men  had  handled  the  roburite,  perhaps  taken 
their  dinner  afterwards,  and  so  got  poisoned.  Only  a  day  or 
two  ago  he  was  down  a  pit  and  questioned  the  men  about 
roburite,  and  they  said  they  liked  it  as  well  as  gunpowder, 
that  it  got  the  coal  equally  as  well,  and  that  they  did  not 
suffer  from  the  fumes.  It  had  been  suggested  at  that  meeting 
that  roburite  might  be  used  in  places  where  there  was  gas. 
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He  did  not  think  that  would  either  be  legal  or  saf< 
because  it  had  been  stated  in  the  paper  before  the 
meeting,  that  roburite  had  been  seen  to  give  off  some- 
thing like  a  red  flash.  If  that  were  so,  he  did  not 
belie ve  any  colliery  manager  would  think  of  using  it  where 
there  was  gas.  As  regards  safety,  there  could  be  no 
question  that  roburite  was  far  safer  than  gunpowder,  but  he 
did  not  think  it  ought  to  be  used  or  would  be  used  where 
there  was  gas. 

Mr.  Barrett  said  Mr.  Hall  had  mentioned  two  cases  in 
which  men  had  been  damaged  by  the  use  of  roburite.  He 
had  no  practical  knowledge  of  it,  but  he  understood  it  was 
put  in  cartridges,  and  how  could  the  men  come  in  contact 
with  the  material  P  If  it  was  a  want  of  attention  on  the 
part  of  the  men  some  means  might  be  used  to  prevent  it 
coming  at  all  in  contact  with  the  human  body. 

Mr.  Fletcher  said  it  had  been  conclusively  shown  by 
Mr.  Galloway  and  Messrs.  Atkinson  that  great  explosions 
had  been  due  to  firing  the  coal  dust  in  the  main  airways 
where  gas  could  not  have  been  present.  If,  therefore, 
explosives  were  not  to  be  depended  upon,  that  emitted 
sparks,  they  were  not  to  be  trusted  to  without  the  same 
precautions  as  had  to  be  used  with  gunpowder,  and,  if  there 
was  danger  of  producing  blood  poisoning,  they  were  not 
lightly  to  be  indulged  in  at  all. 

Mr.  C.  F.  Clark  said,  in  reply  to  Mr.  Barrett's  question, 
that  if  any  workmen  had  been  poisoned  by  the  'handling  of 
roburite,  it  must  have  been  from  carelessness.  The  collier 
did  not  handle  it  at  all  in  their  pits.  It  was  carried  in  cart- 
ridges or  tin  cases,  and  the  shot-lighter  who  charged  the  hole 
fired  the  shot.  The  collier  had  nothing  to  do  with  it.  The 
men  who  used  it  were  practical  men,  and  knew  that  under 
no  circumstances  were  they  to  allow  it  to  come  in  contact 
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with  their  hands  or  bodies,  for  thej  might  absorb  it  into 
their  system  if  their  hands  were  in  a  sweaty  state.  He  had 
been  told  that  a  man  had  bit  the  end  6t  a  cartridge  off  with 
his  teeth,  that  another  had  stuck  his  finger  into  a  cartridge 
for  the  purpose  of  inserting  the  detonator,  and  then  went 
and  ate  his  food,  and  in  those  cases  they  could  understand 
how  they  got  poisoned. 

The  President  said  this  question  had  been  one  of  the 
chief  things  dealt  with  by  Parliament  last  session,  and  he 
was  glad  to  see  that,  whilst  every  scientific  invention  for  the 
general  benefit  was  well  investigated  in  the  colliery  world, 
the  importance  of  properly  vefntilating  the  mines  was  well 
looked  after.  They  had  had  a  very  pleasant  meeting,  and 
he  was  glad  that  this,  his  first  visit  to  Wigan  in  his  present 
occupation  of  the  office  of  the  head  of  the  society,  had  been 
so  enjoyable  and  successful. 
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EVENING    MEETING    AT    THE    OWENS    COLLEGE. 


A  Special  Evening  Meeting  of  the  Members  of  the 
Society  took  place  at  the  Owens  College,  on  Tuesday,  the 
29th  January,  1889.  The  Museum  block  was  thrown  open 
for  inspection,  and  refreshments  were  provided  in  one  of  the 
galleries  of  the  Museum  for  the  Members  and  their  friends. 

After  refreshments  had  been  served,  the  Members 
adjourned  to  one  of  the  Lecture  Theatres  in  the  Beyer 
Buildings, 

The  President,  Mr.  Alderman  John  Knowles,  M.Inst.C.E., 

taking  the  Chair. 


In  introducing  the  business  of  the  meeting. 
The  President  said :  I  feel  confident  that  it  is  a  great 
pleasure  to  all  the  members  to  have  this  opportunity  of 
meeting  again  in  the  Owens  College,  to  inspect  the  admirable 
geological  collection,  in  which  this  Society  has  an  especial 
interest.  I  am  sure,  looking  round  the  building,  the 
arrangement  of  the  collection  is  all  that  could  be  desired, 
and  its  being  open  to  the  public  afibrds  an  opportunity  not 
to  students  alone,  but  to  everyone  interested  in  geology,  to 
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come  here  and  see  what  is  being  so  admirably  done  by 
the  curator.  Professor  Boyd  Dawkins.  You  will  all 
be  pleased  to  see  here  Mr.  Leader  Williams,  the  Chief 
Engineer  of  the  Manchester  Ship  Canal,  and  to  find  that  he 
has  brought  some  specimens  for  us.  These,  no  doubt,  will 
be  very  interesting.  You  will  all  recollect  the  pleasure  we 
had  during  the  last  summer  of  going  over  a  portion  of  the 
canal  works,  that  from  Warburton  to  Lymm,  and  though 
unfortunately  Mr.  Williams  could  not  join  us,  the  excursion 
was  a  most  agreeable  and  instructive  one.  I  hope  we  may 
have  such  another  during  the  coming  summer.  There  are 
some  sections  of  that  canal  which  the  members  should  not 
by  any  means  lose  the  opportunity  of  seeing.  I  have  now 
much  pleasure  in  asking  Mr.  Williams  to  say  a  few  words. 

Mr.  Leader  Williams  said :  I  would  advise  any  member 
of  the  Geological  Society  who  wishes  to  see  the  very 
interesting  stratifications  and  faults,  in  the  series  of  marls 
so  well  known,  near  Warburton,  to  visit  the  cutting  without 
delay.  I  regret  exceedingly  that,  on  the  occasion  of  the 
Society's  visit,  last  summer,  I  was  called  away  and  prevented 
from  meeting  you ;  but  I  look  forward  to  another  visit 
from  you  this  year,  when  I  shall  be  able  to  go  with  you 
to  visit  the  red  sandstone  series  lower  down.  In  the  mean- 
time, if  any  member  will  address  a  note  to  me  at  my  office — 
at  the  Ship  Canal  office,  in  Deansgate— I  shall  be  pleased  to 
give  him  a  pass  which  will  enable  him  to  visit  any  part  of 
the  works.  I  would  particularly  advise  you  to  see  the 
Warburton  section.  The  grey  marl  is  beautifully  developed 
in  the  red  marl  beds,  and  the  faults  are  wonderfully  brought 
out.  I  am  having  them  photographed,  and  I  hope  to 
present  some  photographs  to  the  Owens  College  Museum, — 
but  the  weather,  lately,  has  been  very  bad  for  photography, 
and  during  rains  the  soil  from  the  upper  beds  gets  washed 
down,  causing  the  beautiful  markings  to  be  obliterated.     In 
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the  sandstone  cutting,  near  Holme's  Bridge  lock,  and  that 
near  Millbank  lock,  we  find  interesting  water-ripple  marks 
in  the  rock.  I  have  brought  three  specimens  here — ^which 
I  shall  have  pleasure  in  presenting  to  the  Museum — from 
the  Runcorn  quarries.  These  are  much  finer  than  any  yet 
found  in  the  line  of  the  Canal.  Two  of  the  blocks  are  of 
peculiar  interest,  they  exhibit  the  footmarks  of  the  Cheiro- 
iherium,  the  marks  of  the  feet  being  imusually  large  and 
fine.  In  the  Ship  Canal  excavations  we  are  now  passing 
through  the  same  sort  of  stratification,  and  may  expect  to 
meet  with  similar  remains  to  those  now  exhibited.  When 
I  was  connected  with  the  Weaver  Navigation,  some  14 
years  ago,  a  workman  who  was  quarrying  stone  at  Runcorn 
told  me  he  had  found  a  fossil  woman.  I  asked  if  he  had 
found  her  head P— "No."  Her  legs P— "No."  What 
then  P  He  had  found  her  breasts.  Here  is  the  specimen 
in  question.  I  need  hardly  say  that  the  man  was  in  error. 
The  specimen^  however,  is  unique.  I  regret  to  say  that  a 
part  of  the  stone,  and  one  which  I  should  like  to  have 
preserved,  was  destroyed.  The  so-called  "  breasts "  were 
two  large  worm  casts,  and  the  stone  bore  amongst  its  ripple 
markings^  traces  of  large  annelids,  made  as  you  may  see  at 
any  time  in  the  sands  upon  our  coasts.  I  have  shown  them 
to  many  geologists — both  members  of  the  London  Society 
and  of  this — and  all  have  said  that  they  never  saw  speci- 
mens so  perfect  as  these  are.  Now,  speaking  of  the  Ship 
Canal  Works,  I  noticed  yesterday,  in  walking  through  a 
deep  sand  cutting  near  Irlam,  20ft.  below  the  surface,  and 
extending,  as  far  as  I  could  gather,  over  an  area  of  about 
30  square  yards,  a  black  vein,  with  20ft.  of  white  sand  above, 
right  through  the  cutting.  I  set  about  trying  to  ascertain 
what  it  was  and  I  found  that  it  was  a  compact  mass  of 
leaves — mostly,  I  think,  of  poplar,  though  I  will  not  be 
absolutely  positive  on  that  point.     I  have  a  portion  of  the 
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mass  here.  You  will  see  that,  when  separated^  it  breaks 
up  into  layers.  The  leaf  markings,  in  many  cases,  are 
quite  perfect.  I  can  give  no  clue,  of  course,  to  the  age  of 
this  deposit.  I  have  shown  it  to  many  gentlemen,  including 
Lord  Egerton,  and  his  lordship  was  much  interested  in  it 
and  declared  it  to  be  the  oldest  piece  of  ensilage  he  had  ever 
seen.  It  seems  to  me  that  at  some  far  distant  period,  when 
the  river  flowed]  in  another  channel,  somewhat  distant  from 
the  present  one,  there  was  an  eddy  produced  by  some  pro- 
jecting substance  which  carried  the  leaves,  as  they  floated 
down  the  stream,  to  be  deposited  in  an  extended  layer. 
Then  a  flood  came  and  covered  them  with  a  layer  of  sand. 
It  is  the  most  interesting  deposit  I  have  seen  in  connection 
with  fresh  water  estuaries.  In  our  Ship  Canal  Works 
nothing  has  yet  been  met  with  in  the  shape  of  ancient  canoes,* 
or  other  relics  of  a  barbarous  age.  The  only  relic  we  have 
found  is  the  upper  stone  of  a  primitive  com  mill — of  which  a 
photograph  is  exhibited.  This  was  found  17  feet  below  the 
surface  in  the  Salt  Eye  cutting  at  Barton ;  and  I  dare  say 
if  the  Secretary  were  to  write  to  the  Directors  of  the 
Company  they  would  be  wiDing  to  hand  this  over  to 
you,  also,  for  the  Museum.  It  is  the  only  object  we 
have  found,  as  yet,  carrying  us  back  to  the  old  inhabitants 
of  this  country.  I  hope,  however,  as  the  work  progresses, 
that  we  may  be  able  to  make  other  discoveries. 

Prof.  Boyd  Dawkins  moved  a  vote  of  thanks  to  Mr. 
Leader  Williams,  and  expressed  the  hope  that  they  might 
not  only  have  the  pleasure — as  they  had  now — of  accepting 
specimens  from  him  for  the  Museum,  but  also  of  more 
frequently  seeing  him  take  part  in  the  proceedings  of  the 
Society. 

Mr.  Stirrup,  in  seconding  the  motion,  said  they  had  not 
only  to  thank  Mr.  Leader  Williams  for  his  present  contri- 

*  One  has  sinoe  been  foimd. 
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butioDy  but  also  for  the  readiness  with  which  he  acceded  to 
the  request  of  the  Society  made  through  him  (Mr. 
Stirrup)  that  the  members  might  be  permitted  to  visit 
the  works  of  the  Ship  Canal.  They  might  also,  he 
believed  thank  Mr.  Williams  for  favours  to  come,  as  he 
believed  they  would,  through  his  kindness,  have  another 
opportunity,  during  the  coming  spring  or  summer,  of  again 
visiting  those  works.  There  was  another  favour  he  was 
hoping  the  Society  would  have  at  Mr.  Williams's  hands — 
that  was  a  paper,  which  could  not  fail  to  be  both  interesting 
and  valuable,  upon  the  character  of  the  works,  and  the 
sections  passed  through  during  the  operations  upon  that 
great  undertaking  (the  Manchester  Ship  Canal).  Certainly, 
he  thought  there  could  be  no  better  place  for  the  reading  of 
such  a  paper  by  Mr.  Williams  than  at  a  meeting  of  the 
Manchester  Geological  Society,  and  no  better  place  for  its 
permanent  preservation  than  the  Transactions  of  that  Society. 

The  President  put  the  resolution  to  the  meeting,  and  it 
was  carried  unanimously. 

Mr.  Williams  briefly  acknowledged  the  compliment,  and 
said  he  hoped  to  earn  the  gratitude  of  the  Society  in  a 
better  way  hereafter.  He  much  regretted  that,  owing  to 
the  pressure  of  bis  professional  duties,  he  was  unable  to 
attend  the  Society's  meetings  more  frequently. 


Professor  Boyd  Dawkins,  who  was  next  called  upon  by 
&e  President,  said  he  did  not  propose  to  detain  the  meeting 
more  than  a  few  minutes,  and  that  in  regard  to  matters 
which  were  to  a  large  extent  formal ;  but  he  thought,  seeing 
that  the  Geological  Society  was  really  one  of  the  important 
founders  of  the  Geological  part,  at  least,  of  that  Museum, 
the  members  might  be  interested  to  know  what  additions 
had  been  made  to  the  collections,  whether  by  gift  or  purchase, 
onoe  last  they  met  in  that  building.     He  had,  therefore, 
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prepared  a  short  list  of  the  recent  additions  to  the  Museum. 
He  must  tell  them,  however,  that  it  did  not  cover  all.  It 
merely  represented  those  which  had  been  given  to  the 
College  by  various  benefactors  in  the  interval  between  the 
two  meetings : — 

Additions  to  the  Geological  collections  of  the  Manchester  Museum 
during  the  year  ending  29th  January,  1889: — 

Minerals. 
Various  specimens. — From  Dr,  Girling, 
Seven  Minerals  from  Laxey. — From  W.  ff.  Bowe, 
Onyx  and  Crocidolite. — From  H.  M,  Ormerod, 
Silver  Ores  from  Mexico. — From  C,  Wehner, 
Artificially  crystallised  Bismuth. — From  J,  Taylor. 
Wad,  Barytas,  Galena,  &c.,  from  Winster. — From  G,  Wild, 
Copper  Ores  from  Langness. — From  J,  Lace, 
Salt  from  Manchester,  4ft.  seam,  Dukinfield. — From  H,  WorreU. 
Oalcites  fi*om  the  Stank  Mine. — Purchased, 

Primaby  Fossils,  &c. 

A  large  Slab  of  Coal  Measures  Sandstone,  with  tracks  of  crus- 
taceans.— From  H,  M.  Ormerod, 

A  Fossil  Tree,   from  Shaw  Cross  Colliery,   Dewsbury. — From 
Messrs,  Crawshaw  and  Warburton, 

Specimens  of  Michelinia  Grandis. — From  F,  Worrall, 

Posidonomya  Bocheri. — From  W,  A,  Bogerson, 

Anthracosia,  Middle  Coal  Measures,  Hindley. — From  John  Jonei, 

Sigillaria. — From  Miles  Settle, 

Sections  of  Corals. — Purchased, 

Silurian  Fossils  from  Lake  St.  John. — From  H,  Bragg, 

Quartzite  Boulder  and  Sliokenside,  from  Wigan,  6ft.  seam. — ^, 
H,  Cowburn, 

Ferns. — From  H,  Bramall. 

Secondary  Fossils,  &c. 

Six  Liassic  Specimens. — Frotn  II,  M,  Ormerod, 
Pebble-bed  Conglomerate. — From  J.  Leader  Williams, 
Vanadium  Ores,  &c.,  from  Alderley  Edge. — From  C,  Boeder, 
Bipple-marked  Sandstone  Footprints  of  Cheirotherium  from  Bun. 
com. — From  J,  Leader  Williams 
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Testiaby  Fossils  &o. 

A  large  collection  of  Meiocene  Fossils,  from  the  Vienna  Basin.— 

From  Prof,  Neumayr, 
Eocene  and  Meiocene  Fossils. — From  Prof,  W.   C,  WiUiamion, 

F.R,8. 
St.  Erth  Pleiocene  Fossils. — From  P.  F,  Kendall 
Eocene,  Meiocene,   Pleiocene,  and  Pleistocene    Fossils. — From 

A.  W.  Waters, 
Cerithium  giganteum  from  Paris  Basin. — From  Mark  Stirrup, 
Scutes  of  Glyptodon. — From  Liverpool  Museum, 
A  collection  of  Tertiary  Fossils. — Anonymous, 
Three  Sculptured  Stones. — From  Alex,  Taylor. 
(Collection    of   Native  Weapons,    from    Queensland. — From  J. 

Lamond, 
Three  Mummies. — From  J,  Haworth, 
Four  Stone  Axes. — From  R,  Greenhalgh, 
Six  Stone  Implements. — From  John  Evans. 

Miscellaneous. 

A  view  of  the  Grand  Canon  of  the  Colorado. — From  Prof.  W. 
Boyd  Dawkin^, 

Professor  Dawkins  concluded  by  expressing  a  hope  that, 
in  the  course  of  a  few  years,  they  might  see  the  Owens 
College  Museum — which,  he  said,  had  had  a  not  altogether 
uneventful  history — ^fully  equipped,  and  among  the  most 
perfectly  fitted- up  museums  in  this  country.  In  the  nature 
of  things,  of  course,  it  could  not  be  a  very  large  museum  ; 
but  they  purposed  making  it  one  of  the  most  efficient 
moseums  possible  for  the  teaching  of  this  great  population, 
in  the  midst  of  which  it  is  situated,  all  those  things  which 
were  taking  place  in  the  world  before  history  began.  He 
would  not  detain  the  meeting  further,  for  the  piSce  de 
r^aistance  had  yet  to  come — that  was  Mr.  Kendall's  paper  on 
the  extinct  volcanoes  of  Mull. 

Mr.  Stirrup  said :  Before  Mr.  Kendall  begins  his  paper, 
I  should  like  to  mention  that  one  of  the  members  (Mr. 
Cowburn)  has  brought  for  exhibition  this  evening  one  of 
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those  curious  boulders  found  in  the  coal  seams,  which  have 
been  the  subject  of  interesting  debates  at  former  meetings. 

Mr.  CowBURN  explained  that  the  boulder  wa»  taken  from 
the  Wigan  6ft.  Seam,  and  added  that  he  should  have 
pleasure  in  leaving  the  specimen  for  the  Museum. 

Professor  Boyd  Dawkins  said  the  College  would  be  much 
obliged  to  him  for  the  gift. 

Mr.  Stirrup  said  Mr.  Cowbum  had  also  brought  down  a 
piece  of  slickensides,  curiously  marked,  and  very  interesting, 
also  from  the  Coal  Measures.  They  had  also  a  fossil  fern 
from  the  Pendleton  collieries,  brought  by  Mr.  Bramall, 
which  was  very  well  preserved.  The  bringing  of  these 
specimens  showed  that  the  members  were  taking  an  interest 
in  the  Museum,  and  he  thought  that  many  of  the  members, 
by  a  little  attention  and  good-will,  might  considerably  add 
to  the  collections,  and  thus  increase  their  interest,  not  only 
to  themselves,  but  also  to  the  public  generally. 


Mr.  Percy  F.  Kendall,  Assistant  Lecturer  on  Geology 
at  Owens  College,  then  read  a  paper  on  "  The  Volcanic 
Phenomena  of  the  Island  of  Mull,"  with  lantern  illustra- 
tions. 

THE  VOLCANIC  PHENOMENA  OF  MULL. 

By  Mr.  Percy  F.  Kendall. 

A  particular  interest  attaches  to  the  study  of  regions  in 
which  volcanic  activity  has  been  in  operation  during  the 
earlier  parts  of  the  Tertiary  period  from  the  perfection  in 
which  we  may  see  exhibited  in  such  districts  the  evidences 
of  some  of  the  phenomena  connected  with  the  subterranean 
operations  of  the  now  extinct  volcanoes. 

Beasoning  by  analogy  from  a  large  number  of  observations 
of  a  like  nature,  it  becomes  possible  to  form  a  tolerably  clear 
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idea  of  the  conditions  prevailing  in  deep-seated  foci  of  the 
volcanoes  which  are  active  at  the  present  time. 

Our  knowledge  of  the  products  of  existing  centres  of 
volcanicity  is  limited  to  those  materials  which  have  been 
erupted  at  the  surface  such  as  lavas,  ashes,  and  fragments 
of  rock  torn  from  below,  with,  in  a  few  cases,  rocks  which 
have  been  injected  from  below  into  fissures  rising  up  to,  or 
near,  the  surfaces.  In  old  and  much  denuded  volcanoes,  like 
the  one  I  am  about  to  describe,  we  are  able  to  see  much 
more  and  to  make  observations  upon  all  these  and  also  upon 
the  rocks  which  have  been  formed  and  cooled  far  down 
beneath  the  surface,  to  see  the  effects  which  they  have  pro- 
duced upon  the  adjacent  rocks  and  the  relations  which  they 
bear  to  them  and  to  one  another.  We  are  enabled  too  to 
study  with  admirable  facility  the  sequence  of  eruption  of 
materials  of  different  composition,  and  thus  to  obtain  a  clearer 
idea  of  some  of  the  more  recondite  questions  of  the  causes  to 
which  volcanic  action  is  traceable,  and  the  condition  of  the 
earth's  interior. 

The  region  now  represented  on  our  maps  as  the  island  of 
Mull  appears  to  have  been  in  early  Tertiary  times  an 
undulating  country,  not  very  hilly,  forming  an  integral 
part  of  the  Highlands  of  Scotland,  and  probably  not  far 
removed  from  the  coast  line.  It  was  composed  of  a  truly 
remarkable  diversity  of  geological  formations,  including  the 
ArchaBan  Ghieisses  and  Schists,  Coal  measures,  Poikilitic, 
Liassic,  Oolitic,  Neocomian,  and  Cretaceous  strata.  In 
addition  to  these,  extensive  tracts  of  the  country  were 
occupied  by  granite,  lavas  and  ashes,  representing  a  volcanic 
outburst  possibly  of  Old  Red  Sandstone  or  Carboniferous 
age. 

The  present  aspect  of  the  island  is  one  of  remarkable 
beauty,  though  wild  and  rugged.  The  coastline  is  for  the 
most  part  very  precipitous,  in  places  presenting  mural  cliffs 
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rising  to  an  altitude  of  upwards  of  a  thousand  feet.     These 
great  cliffs  are  mainly  constituted  of  sheets  of  Basaltic  lava 
piled  one  upon  another,  and  resting  on  the  stratified  rocks 
already   mentioned.      Inland   the   northern   half  of    Mull 
presents   a   succession   of   terraced  hills  (with   one   single 
exception,  to   be   mentioned   in   the   sequel)    composed   of 
Basalt;  but  in  the  south,  besides  these  basic  lavas  (containing 
less  than  55  per  cent,  of  Silica),  acid  lavas  are  present, 
forming  a  ring  in  the  centre  of  which  rises  a  succession  of 
great  hills  composed  of  granite  and  Gabbro  (the  former  an 
acid   and   the  latter   a  basic   rock),  both   being  composed 
entirely  of  crystalline  material,  a  point  of  difference  between 
them  and  the  lavas.      Passing  indifferently  through  all  the 
rocks  of  the  island  is  a  vast  series  of^  intrusive  dykes  and 
sheets,  for  the  most  part  of  basic  composition.      These  are 
the  broad  outlines  of  the  geology  of  Mull  upon  which  all 
geologists  are  agreed,  and  I  have  now  to  present  the  inter- 
pretations  which   have   been   essayed  in  recent   years  by 
Professors  Judd  and  Geikie  and  Mr.  Starkie-Gardner,  and 
to  venture  upon  a  discussion  of  their  several  views  with  the 
aid  of  the  data  furnished  in  published  papers  and  in  my 
own  notebook. 

Professor  Judd,  in  a  paper  read  before  the  Geological 
Society  in  1872,*  gave  the  first  detailed  description  of  the 
geology  of  Mull,  and  according  to  his  view  the  lavas  were 
poured  out  from  a  central  cone  of  a  magnitude  rivalling  that 
of  Etna  and  intermingled  in  due  proportion  were  ashes  and 
agglomerates.  He  further  expressed  the  opinion  that  the 
earlier  eruptions  were  of  acid  materials,  and  that  at  a  later 
stage  basic  lavas  (Basalts,  &c.,)  were  extruded,  which  flowed 
over  and  beyond  the  lavas  of  the  first  stage.  This  sequence 
was  held  to  be  indicated  by  the  fact  that  the  basic  lavas 
were  always  superior  in  position  to  the  acid,  and  that  the 

♦  a  J.  G.  s.,  Vol.  XXX. 
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granitic  core  of  the  island/  which  Professor  Judd  regards  as 
the  source  of  the  more  siliceous  ejecta,  was  broken  into  by 
great  intrusive  masses  of  Gabbro,  which,  upon  his  view,  gave 
origin  to  the  Basalts.  From  the  way  in  which  certain  of  the 
sheets  dip  in  towards  the  centre,  Professor  Judd  concluded 
that  the  focus  of  eruption  had  subsided,  as  so  commonly 
happens  with  expiring  volcanoes. 

Professor  A.  Geikie  traverses  every  one  of  these  conclu- 
sions* and  maintains  that :  1.  There  was  no  central  cone  or 
crater,  but  that  the  Basalts  were  produced  by  fissure 
eruptions  taking  place,  without  any  violent  explosive 
action.  2.  That  the  order  of  eruption  was,  1st  Basic,  2nd 
Acid,  and  3rd  perhaps  Basic  again,  but  the  great  Basaltic 
sheets  were  the  products  of  the  early  eruptions. 

Mr.  Starkie  Gardner's  views  conflict  with  those  of  both 
the  great  observers  quoted  above.  With  Professor  Judd  he 
agrees  in  considering  that  the  acid  stage  was  the  first,  but 
considers  that  it  may  have  belonged  to  any  ^^eriod  precedent  to 
t;he  Eocene,  and  he  suggests  that  the  granites  of  central 
Knll  may  be  of  the  same  age  as  those  of  the  Ross.  On  the 
other  hand  he  agrees  with  Professor  Geikie  in  considering 
t;he  Basalts  to  have  been  poured  out  from  fissures,  and  not 
^rom  any  regular  vent. 

In  endeavouring  to  place  the  arguments  for  and  against 
«ach  interpretation  before  you,  it  will  be  convenient  if  I 
fleal  with  the  subject  under  three  headings : — 

Firstly.  What  was  the  order  of  succession  of  the  different 
materials  ? 

Secondly.  Of  what  character  were  the  eruptions  ? 

Thirdly.  At  what  geological  period  did  the  events  trans- 
pire? 

'*  Nature,''  1880,  p.  3,  and  Tians.  Ed.  Roy.  Soc.  Vol.  XXXV.,  Part  2. 
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I  must  remark  that  an  adequate  discussion  of  these 
subjects  is  greatly  impeded  by  the  fact  that  the  latest 
contribution  to  the  subject  by  Professor  Judd  will  not  be 
printed  for  about  two  months. 

As  to  the  order  of  succession : — 

Professor  Judd  has  recently  admitted  that  in  his  first 
paper  he  included  under  the  generic  appellation  Felsites  (for 
acid  eruptive  rocks)  some  Augite- Andesites,  and  even  a  few 
Basalts^  so  that  the  issue  is  narrowed  to  the  question  whether 
the  great  Plateau-basalts  preceded  or  succeeded  the  true 
acid  lavas. 

Professor  Judd  mainly  relies  upon  his  observations,  which 
appeared  to  show,  a,  that  the  Basalts  are  always  superposed 
upon  the  acid  lavas,  6,  and  that  the  Basic  rocks,  such  as 
Gabbros  are  intrusive  in  the  acid  series,  and  c,  that  in  the 
agglomerates  associated  with  Felsites  no  fragments  of 
Basalt  are  found. 

Professor  Geikie,  on  the  other  hand,  maintains  that  the 
superposition  of  the  basic  on  the  acid  rocks  is  a  case  of 
deceptive  superposition,  and  that  the  acid  rocks  are  intrusive, 
and  that  similarly  the  masses  of  Gabbro  were  really  afloat 
upon  the  Felsites  and  Granophyres. 

Great  weight  undoubtedly  should  attach  to  the  opinion  of 
so  eminent  a  geologist  as  Professor  Geikie,  and  certainly  his 
explanation  would  remove  several  difficulties,  such  for 
instance  as  the  case  observed  by  the  writer,  in  which 
Granophyre  is  clearly  intrusive  in  a  rock  which,  to  micros- 
copic examination,  presents  all  the  appearances  of  a  typical 
Rhyolite,  but  which,  under  the  microscope  is  at  once 
recognisable  as  a  basic  rock.  In  view  of  Professor  Judd's 
qualification  of  his  original  statement  as  to  the  inclusion  of 
Basalts  in  the  earlier  products  of  eruption,  this  fact  loses 
much  of  its  importance.      The   reliance  of  the  Director- 
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Qeneral  upon  the  analogy  of  the  Scuir  of  Eigg,  in  which 
Pitchstone  has  unquestionably  flowed  down  a  valley  excavated 
in  Basalts,  appears  a  rather  unsafe  argument,  for  we  know 
that  at  the  same  time  that  Yesuvius  and  Stromboli  were 
passing  through  a  basic  stage  the  adjacent  volcanoes  of 
Ischia  and  Vulcano  were  pouring  out  acid  lavas. 

One  fact  which  appears  to  have  been  lost  sight  of  in  this 
controversy  has  weighed  very  strongly  with  the  writer  in 
forming  an  opinion  on  this  very  difficult  subject.  It  is,  that 
in  an  appendix  by  Mr.  Grenville  A.  J.  Cole  to  a  paper  by 
Mr.  Starkie-Qtirdner  on  the  leaf -beds,  a  description  is  given 
of  the  pebbles  composing  a  river  gravel  lying  almost  at  the 
base  of  the  Plateau-basalts,  and  amongst  other  rocks 
occurring  as  pebbles  is  Sanidine  Trachyte,  a  lava  of  decidedly 
acid  composition.  This  rock  contains  fresh  and  unaltered 
Felspar,  and  therefore  could  not  belong  to  the  Palaeozoic 
lavas,  consequently  the  conclusion  is  almost  inevitable  that 
they  were  fragments  of  the  acid  lava  flows  of  the  Tertiary 
period,  which  therefore  must  be  held  to  have  preceded  the 
Plateau-basalts.  In  a  quarry  where  the  Granophyre  is 
worked  at  Toll  Doire  Salen,  I  found  a  small  string  of  Basalt 
occurring  as  an  intrusion  in  the  Granophyre.  The  bearing 
of  this  fact  is  sufficiently  obvious  to  need  no  further  com- 
ment. The  much  wider  question  raised  by  Professor 
Gteikie  regarding  the  mode  of  eruption  of  the  Plateau- 
basalts  can  only  be  dealt  with  by  a  mere  balancing  of 
probabilities.  Professor  Judd  regards  them  as  lava  streams 
which  have  flowed  from  volcanic  craters  of  the  normal  type, 
whereas  Professor  Geikie  considered  that  they  were  poured 
out  from  a  series  of  great  rents  in  the  earth's  crust,  and  in 
an  article  in  Nature  he  remarked  ''Nor,  so  long  as  the 
incubus  of  '  cones  and  craters '  lies  upon  one's  mind,  does 
the  question  *  [of  the  origin  of  the  Hebridean  dykes]  '  admit 
of  an  answer." 
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Dr.  Geikie  cites  the  following  facts  in  support  of  his 
contention : — 

1.  That  the  successive  sheets  do  not  thin  out  as  they  are 
traced  away  from  the  supposed  centres. 

•  2.  Ashes  and  agglomerates  are  not  present  in  the  pro- 
portion which  might  be  expected  if  the  materials  had  been 
poured  out  from  an  ordinary  volcanic  vent. 

He  further  institutes  a  comparison  between  the  Mull 
lavas  and  the  great  lava  sheets  of  the  Snake  River,  Idaho, 
the  study  of  which  first  led  him  to  conclude  that  the 
Hebridean  flows  were  of  the  nature  of  "  Fisaure-eruptions." 

Professor  Green,  in  an  article  in  "  Nature,"  a  most  valuable 
contribution  to  the  discussion,  points  out  that  "Fissure- 
eruptions'*  are  purely  hypothetical  at  present,  as  we  are 
acquainted  with  no  modem  examples  of  volcanic  action,  and 
hence  they  should  be  looked  quite  as  a  dernier  ressort ;  and 
he  further  draws  an  interesting  parallel  between  the 
Hebridean  volcanic  system  and  the  Hawaiian  volcanoes. 
The  study  of  the  latter  lead  Captain  Button,  of  the  U.S. 
Geological  Survey,  to  withdraw  his  adhesion  to  the  Fissure- 
eruption  explanation  of  the  Snake  River  phenomena,  and 
the  majority — if  not  the  whole — of  his  colleagues,  including 
Mr.  Clarence  King  and  Dr.  Hayden,  have  experienced  a 
similar  change  of  opinion,  as  pointed  out  by  Professor  Judd 
in  his  last  paper  to  the  Geological  Society  of  London ;  so 
that  Dr.  Geijcie  is  in  the  singular  position  of  appealing  for 
proof  of  Fissure-eruptions  in  Scotland,  to  a  case  which  the 
most  competent  observers  on  the  spot  consider  to  be  referable 
to  the  category  of  ordinary  volcanic  manifestations. 

The  Island  of  Hawaii  contains  several  craters,  but  the 
eruptions  of  lava  more  commonly  proceed  from  openings 
torn  in  the  lower  slopes,  and  these  eruptions,  though 
occasionally  taking  the  form  of  fountains  of  molten  rock, 
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are,  as  a  rule,  not  of  an  explosive  character,  and  consequently, 
ashes  and  agglomerates — as  in  Mull — are  infrequent. 

On  account  of  the  eruptions  so  rarely  taking  place  from 
the  craters,  and  still  more  from  the  extreme  fluidity  of  the 
lavas,  by  virtue  of  which  they  flow  to  great  distances,  the  average 
slope  of  the  island  is  only  about  5®,  we  may  conclude 
that  the  lava  streams  would  not  show  any  very  marked 
thickening  when  they  were  traced  towards  the  centre  of  the 
island.  This,  as  I  have  already  stated,  is  a  peculiarity 
alleged  by  Professor  Geikie  as  characterising  the  Hebridean 
basalts,  but  I  must  remark  that  my  experience  in  Mull  leads 
me  to  entertain  grave  doubts  of  the  possibility  of  tracing  the 
streams  there  for  a  sufficient  distance  to  enable  any  definite 
conclusion  upon  the  point  to  be  arrived  at. 

Prof.  Geikie  observes  regarding  the  dykes  systems  of  the 
Hebrides  that  there  are  apparently  two  sets,  one  consisting 
of  enormous  masses  persistent  over  a  great  extent  of  country, 
and  which  he  considers  to  have  been  the  feeders  from  which 
the  Plateau-basalts  flowed,  and  another  set  forming  a  plexus 
of  innumerable  small  dykes,  having  a  general  N.  W.  and  S.E. 
trend.  He  further  remarks  that  the  dykes  have  nm  a 
resistless  course  through  rocks  of  very  variable  character. 
My  own  observations  have  been  of  a  minute  character  only 
in  the  neighbourhood  of  Salen,  in  Mull,  but  I  have  not 
found  any  traces  there  of  the  large  dykes  to  which  he 
alludes,  and  as  to  the  smaller  dykes  of  which  I  have  observed 
some  hundreds  I  can  only  say  that  the  directions  which  I 
measured  appear  to  indicate  that  they  radiate  from  the 
centre  of  the  southern  half  of  the  island.  These  small  dykes 
seemed  to  me,  in  one  case  at  least,  to  be  incapable  of  pur- 
suing such  an  undeviating  course  as  Prof.  Geikie  claims. 
At  Gribund,  on  Loch  na  Keal,  I  found  that  Basalts  were 
seamed  with  dykes  at  short  intervals,  but  along  the  shore, 
where  Gneisses  are  exposed  beneath  the  cretaceous  rocks 
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which  immediately  underlie  the  Basalts,  in  the  course  of 
half  a  mile  I  found  but  a  single  dyke.  I  should  imagine 
that  the  disruptive  forces  were  incompetent  to  tear  a 
passage  through  such  stubborn  rocks,  and  had  to  seek 
relief  by  means  of  horizontal  rents  for  I  foimd  a  thick 
intrusive  sheet  at,  and  near,  the  village  of  Gribun 
injected  along  a  line  of  parting  at  the  base  of  the  bedded 
basalts.  There  is  one  exceptional  phase  of  volcanic  activity 
in  Mull  to  which  I  alluded  at  the  outset.  About  three 
miles  from  Tobermory  in  the  midst  of  a  basalt  country  rises 
a  rugged  hill  with  a  craterif orm  hollow  on  the  top  which  is 
occupied  by  a  small  tarn  called  Sarsta-pol.  This  hill  has 
been  shown  by  Prof.  Judd  to  be  the  denuded  wreck  of  a 
small  pup,  and  the  tarn  occupies  the  site  of  the  old  crater 
though  of  course  its  present  form  bears  only  an  indirect 
relation  to  the  original  shape  of  the  volcano  and  its  crater. 
The  central  portion  is  the  neck  by  which  molten  material 
was  conveyed  to  the  surface,  and  the  ring-like  hill  is  com- 
posed of  basalt  greatly  altered  by  the  flow  of  highly -heated 
rock  within.  The  rock  occupying  the  neck  is  a  Dolerite  of 
exceedingly  beautiful  structure,  and  it  represents  a  residual 
mass  of  basic  material  which  remained  within  after  the 
decline  of  the  volcanic  energy,  and  which  cooled  so  slowly 
as  to  permit  of  the  nearly  complete  crystallisation  of  its 
constituents. 

The  age  of  the  Mull  lavas  can  be  approximately  deter- 
mined by  the  fact  that  they  overlie  the  upper  chalk  and 
include  near  their  base  the  celebrated  leaf-beds,  which  are 
regarded  by  Mr.  Starkie  Gardner  as  of  Lower  Eocene  or 
possibly  Pre-Eocene  age.  Whether  any  of  the  lavas  are  of 
later  date  than  Eocene  cannot  at  present  be  determined,  but 
I  think  it  highly  probable  that  the  volcanic  activity  was 
continued  into  Oligocene  or  even  later  times. 
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[NoTB. — The  publication  of  Prof.  A.  Geikie's  magnificent 
memoir  subsequently  to  the  reading  of  this  communication 
enables  me  to  modify  and  correct  certain  remarks  in  which 
I  have  scarcely  done  justice  to  the  case  so  ably  presented 
by  him,  being  misled  by  the  imperfections  of  the  abstract. 
The  Sanidine-Trachyte  pebbles  of  Ardtun  are  duly  noted  by 
him  and  are  ascribed  to  deep-seated  masses  of  acid  material 
which  he  supposes  to  have  consolidated  at  an  early  period, 
and  to  have  yielded  'a  portion  of  the  fragmental  ejecta 
accompanying  the  basic  lavas.  This  explanation  appears  to 
me  to  be  very  unsatisfactory,  and  to  be  one  of  the  few  weak 
points  in  a  paper  upon  the  main  conclusions  of  which  I  feel 
great  difficulty  in  suspending  my  judgment  until  the 
appearance  of  Prof.  Judd's  reply.  Dr.  Geikie  denies  the 
existence  in  Mull  of  any  acid  lava-sheetff  whatever,  and 
attributes  the  whole  of  the  acid  rocks  of  the  island  to 
intrusions  posterior  in  age  to  the  Gabbros,  but  anterior  to 
the  series  of  small  basaltic  dykes.  The  evidence  which  he 
adduces  in  support  of  his  opinion  is  very  strong. 

As  to  the  character  of  the  eruptions  to  which  the  Plateau- 
basalts  are  attributable — though  Dr.  Geikie  furnishes  plenty 
of  examples  of  volcanic  necks  v^hich  might  have  furnished 
the  necessary  channels  for  the  conveyance  of  the  lavas  to 
the  surface,  yet  he  cannot  point  to  a  single  case  in  which 
any  connection  can  be  traced  between  them  and  the  adjacent 
lavas.  A  further  defect  of  evidence  is  noticeable  in  the 
failure  to  connect  in  a  solitary  instance,  a  lava  stream  with  a 
dyke.  This  relationship  appears  to  me  to  be  demanded  by 
the  hypothesis  of  fissure  eruptions,  and  the  inability  to 
produce  such  evidence,  certainly  cannot  be  attributed  to  the 
lack  of  good  sections,  for,  in  the  great  cliffs  and  precipices 
which  form  so  striking  a  feature  in  the  volcanic  region 
extending  from  Ireland  to  Skye,  thousands  of  lava-sheets, 
and  tens  of  thousands  of   dykes   are   admirably   exposed. 
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Until  some  such  cases  can  be  cited,  I  think  it  behoves  all 
enquirers  to  practice  the  same  forbearance  which  I  have 
imposed  upon  myself,  and  to  accept  the  fascinating  hypoth- 
esis of  Dr.  Geikie,  if  at  all,  merely  tentatively,  and  then 
only  after  studying  Professor  Judd's  forthcoming  counter- 
blast.] 

At  the  close  of  the  lecture,  a  lantern  exhibition  was  given 
of  a  series  of  photographic  slides  illustrative  of  the  rock 
scenery  of  Mull.  The  views  were  most  effectively  rendered, 
the  lantern  being  kindly  manipulated  by  Mr.  Leech. 

The  members  then  adjourned  to  the  galleries  of  the 
Museum,  under  the  guidance  of  Professor  Dawkins  and  his 
assistants,  where  special  exhibits  were  pointed  out  and 
commented  upon,  thus  bringing  to  a  conclusion  a  very 
interesting  meeting. 
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The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  February  12th,  1889,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

Joseph  Dickinson,  Esq.,  F.G.S., 

(in  the  absence  of  the  President)  occupied  the  Chair. 


NEW  MEMBER. 


Mr.  Oswald  R.  Swete,  electrician,  Crown  Works,  Lam- 
bethy  was  balloted  for  and  duly  elected  an  ordinary  member 
of  the  Society. 

The  Chairman  said :  Some  of  you  may  have  heard  that 
since  our  last  meeting  we  have  lost  one  of  our  leading 
members  (Mr.  Radcliffe),  who  has  been  a  colliery  manager 
in  this  county  (at  Afihton-under-Lyne  and  Dukinfield)  for 
many  years.  Mr.  Radcliffe  caught  a  chill  a  few  weeks  ago, 
from  the  effects  of  which  he  died  in  a  few  days.  His  loss 
will  be  deeply  regretted  by  the  members  of  this  Society. 

Mr.  Stirrup  said  he  thought  it  would  be  in  accordance 
with  the  feelings  of  the  members,  and  most  appropriate  at 
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this,  the  first  meeting  since  Mr.  Radcliffe's  death,  to  pass  a 
vote  of  condolence  with  the  widow  and  family  of  the 
deceased  gentleman.  Mr.  RadcliSe,  he  added,  was  a 
valuable  member  of  the  Council  and  took  an  active  interest 
in  the  work  of  the  Society,  and  he  was  not  aware  of  his 
decease  until  he  came  into  that  building.  He  was  much 
shocked  to  hear  of  it. 

The  motion  that  a  resolution  of  condolence  on  their 
bereavement  should  be  sent  to  Mrs.  RadcHffe  and  family, 
moved  by  Mr.  Stirrup  and  seconded  by  Mr.  Hindley,  was 
carried  mianimously. 


THE  SALT  WORKS  AT  HALE,  IN  LANCASHIRE. 


Mr.  Stirrup  stated  that  Mr.  Charles  Roeder,  some  little 
time  ago,  sent  him  a  communication  he  had  received  from 
Mr.  Ward,  of  Northwich,  which,  taken  in  connection  with 
previous  papers  and  discussions  in  the  Society's  Transactions 
on  the  salt  manufacture  and  industry,  was  of  considerable 
interest.  The  remarks  in  the  present  communication  were 
historical,  and  were  addressed  to  Mr.  Roeder  by  Mr.  Ward, 
in  answer  to  some  inquiries  the  former  had  made  with 
regard  to  the  meaning  of  the  following  extract  from  J. 
Berry's  "  Lancashire  Journal,"  Manchester,  25th  August, 
1740  :— 

"To  be  lett  for  any  number  of  years  and  entered  on 
*'  immediately : 

"  A  Salt  Work  for  the  Refining  of  Bock  Salty  containing 
^*  4  Salt  Pans  with  all  other  Conveniencies  for  Working  the 
"  same,  with  a  good  Winter  Stock  of  Coals  laid  down,  at 
"  Dungeon  in  the  County  of  Lancashire  upon  the  River 
*'  Mersey,  six  Miles  from  Liverpool,  four  Miles  from  the 
''  Coalpit. 
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"  Further  Particulars  may  be  had  from  the  Clark  of  the 
**  said  Works/' 

Mr.  Ward  wrote : — 

Brookfield  House,  Northwich, 

November  24th,  1888. 

Dear  Sir, — ^Many  thanks  for  your  very  interesting  letter  re  the 
Bongeon  Salt  Works. 

I  can  enlighten  you  a  little  on  the  matter.  The  six  miles  from 
Liverpool  has  probably  misled  you.  If  you  will  refer  to  any  Ordnance 
Map  you  wiU  find  that  on  the  Lancashire  shore  of  the  Mersey,  near 
to  Hale  Head,  there  is  a  hight,  and  on  this  bight  some  salt  works 
were  situated  up  to  about  40  years  ago.  I  have  had  a  man  working 
for  me  who  worked  at  them.  They  were  in  the  occupation  of  Ashton 
&  Blackbume  (the  Blackbume's  of  Hale),  of  Liverpool.  They  were 
as  described,  refiners.  There  were  works  at  Frodsham,  just  opposite, 
that  were  of  the  same  character.  The  process  was  the  same  as  is 
still  carried  on  at  Drogheda  and  a  few  other  places  along  the  coast. 
Bock  salt  is  brought  from  the  Cheshire  mines  and  put  into  a  large 
reservoir.  As  soon  as  the  tide  makes,  the  salt  water  is  allowed  to  fill 
the  reservoirs ;  at  the  turn  of  the  tide  the  gates  of  the  reservoirs  are 
closed.  The  water  dissolves  the  salt  and  makes  a  strong  brine ;  this 
is  evaporated  in  the  usual  way  and  salt  made.  By  utiHsiug  the  sea 
water  the  salt  contained  (about  2^  to  3  per  cent.)  is  abstracted,  and  is 
«o  much  to  the  good  for  the  manufacturer.  I  do  not  know  the  origin 
^f  the  name  Dungeon,  but  you  will  find  the  bank  on  the  Mersey 
^^posite  this  place  called  Dungeon  Bank,  and  the  point  to  the  west- 
"ward  of  Hale  Head,  Dungeon  Point. 

Since  salt  has  been  made  so  cheaply  in  Cheshire  the  refineries  have 
^ed  out  on  the  Mersey.  I  think  there  is  not  much  doubt  but  that 
malt  was  made  in  this  way  at  Liverpool,  on  the  site  of  Salt  House 
JDock,  and  within  the  last  25  years  it  has  been  so  made  by  the  firm  of 
-Aahton,  Blackbume  &  Co.,  at  Qarston.  The  inferior  or  cheap  r^ck 
m&lty  containing  much  clay,  was  used  for  these  refineries. 

The  Frodsham,  Dungeon,  and  Qarston  works  have  all  been  closed 
mince  salt  could  be  made  so  cheaply  from  brine.  All  have  been 
>rorked  by  men  now  living.  The  Dungeon  works  were  frequently 
tembled  by  the  shifting  of  the  sand  banks,  so  that  at  times  there  was 
little  or  no  water  for  craft  to  reach  the  works.    Becently  the  main 
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deep  has  passed  close  in  shore,  and  deep  craft  have  passed  within  a 
stone's  throw  of  the  old  works. 

In  1740  the  works  could  not  have  been  very  old.  The  Weaver  was 
only  made  navigable  (under  the  Act  of  1721)  about  1731-2,  and  very 
little  rock  salt  could  have  been  sent  to  these  refineries,  as  in  1732  only 
about  9,000  tons  were  sent  down  the  Weaver. 

Thanking  you  for  your  courtesy  in  writing  me, 

I  am,  most  sincerely  yours, 

Mr.  Charles  Boeder,  FaUowfield.  Thos.  Wabd. 

P.S. — The  Salt  Works  at  Dungeon  and  Grarston  are  marked  on  the 
1-inch  Ordnance  Map,  as  are  also  the  Frodsham  Works. 

A  Member  stated  that  a  part  of  the  works  referred  to  still 
existed ;  they  were  now  used  in  the  manufacture  of  a  kind 
of  patent  stone,  and  situated  at  Hale  Cliff — not  BjbIb  Head. 

Mr.  De  Rance  said  he  had  seen  both  the  works  at  Hale 
and  those  at  Frodsham.  The  supposition  of  some  people 
that  rock  salt  had  ever  been  found  at  either  place  was 
quite  a  mistake. 


ON  THE  CAUSE  OF  EARTHQUAKES,  OF  THE  DISLOCA- 
TION AND  OVERLAPPING  OF  STRATA,  AND  OF 
SIMILAR  PHENOMENA. 

By  Mr.  Thomas  Oldham. 


What  I  am  going  to  speak  to  you  about  this  afternoon  is 
upon  a  subject  that  has  caused  very  much  perplexity  and 
doubt  in  the  minds  of  many  of  our  most  eminent  geologists 
and  scientists  in  endeavouring  to  account  for  the  cause  of 
four  of  the  greatest  phenomena  in  nature,  that  have  taken 
place,  and  are  still  taking  place  over  our  globe;  namely,  the 
cause  of  earthquakes,  the  dislocation  and  overlapping  of  the 
strata,  the  submergence  and  upheaval  of  continents,  and  the 
different  climatic  epochs  from  glacial  to  tropical,  that  have 
occurred  through  all  geological  time. 
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The  hypothesis  that  I  intend  to  submit- to  you  is  based 
upon  purely  physical  laws,  and  I  have  often  felt  surprised 
that  nobody  has  ever  promulgated  them  before.  In  the  first 
place,  I  must  premise  by  stating  that  it  is  ascertained  that 
this  globe  is  about  nine  miles  more  in  diameter  at  the  equator 
than  it  is  at  the  poles,  and  the  cause  of  this  I  will  explain 
presently.  In  the  next  place,  it  is  known  that  the  globe 
rotates  on  its  axis  about  26,000  miles  every  twenty-four 
hours,  equal  to  a  speed  of  1,725  feet  per  second,  or  nearly 
equal  to  the  flight  of  a  cannon  ball.  Another  thing  that 
has  been  ascertained  is,  that  the  axis  of  the  globe  is  gradually 
altering,  or  getting  more  oblique,  and  that  it  requires  thirty- 
nine  thousand  years  before  this  alteration  arrives  at  its 
maximum. 

My  reason  for  bringing  these  matters  before  you  is,  that 
they  have  a  considerable  bearing  upon  the  explanation  I  am 
about  to  give.  When  we  take  into  consideration  the  great 
velocity  with  which  the  globe  rotates,  it  is  evident  that  a 
great  amount  of  centrifugal  force  must  be  exerted,  and  as 
nature  never  does  anything  without  a  motive,  it  will  be  seen 
that  centrifugal  force  is  the  cause  of  the  globe  being  nine 
miles  greater  at  the  equator  than  it  is  at  the  poles. 

It  is  well  known  that  according  to  the  law  of  physics, 
centrifugal  force  acts  at  right  angles  or  perpendicular  to 
the  axis,  and  as  the  axis  gets  gradually  more  oblique,  so  will 
the  direction  of  the  equator.  After  having  named  these 
matters,  I  will  now  commence  to  explain  first  of  all,  the 
course  of  earthquakes,  and  the  dislocation  and  over-lapping 
of  the  strata. 

It  is  supposed  that  the  crust  of  the  earth  is  only  about 
16  or  16  miles  in  thickness,  and  below  that  distance  the 
interior  of  the  globe  consists  of  a  semifluid  mass  of  incan- 
descent minerals.  We  can  judge  of  the  thickness  of  the 
crust  by  the  rise  of  temperature  as  we  descend  deep  shafts 
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particularly  in  coalpits.  In  sinking  the  first  1,000  feet  the 
temperature  will  rise  about  three  or  four  degrees,  and  so  on, 
the  deeper  you  go  the  more  heat  will  be  accelerated,  and  at 
the  same  ratio  a  depth  of  15  or  16  miles  would  reach  a 
temperature  of  over  three  thousand  degrees,  sufficient  to  fuse 
almost  anything  we  have  on  tlus  earth.  In  order  to  bring 
these  matters  more  practically  before  you,  I  would  suggest 
a  model  to  be  made  to  represent  our  globe,  in  exactly  the 
same  proportions  as  they  now  stand  towards  each  other, 
under  these  conditions,  and  for  this  purpose  I  would  take 
a  mass  of  plastic  matter  such  as  potter's  clay,  of  sufficient 
consistency  to  form  it  into  perfect  sphere  of  about  nine  feet 
in  diameter,  and  pass  an  iron  rod  through  it,  supported  on 
two  pedestals,  to  one  of  these  attach  a  pulley  in  connection 
with  a  small  steam  engine,  but  before  putting  it  into  motion 
coat  this  sphere  over  with  a  crust  of  a  more  brittle  nature, 
of  the  same  relative  thickness  as  the  crust  of  the  earth,  and 
mark  lines  upon  it  to  represent  latitude  and  longitude,  and 
also  making  that  crust  in  six  different  colours  to  represent 
the  different  strata,  and  then  when  motion  is  communicated, 
and  after  it  has  attained  a  certain  speed  you  will  also  find  that 
centrifugal  force  will  cause  this  sphere  to  project  at  the 
equator  in  the  same  way  that  ours  does,  and  if  you  then 
gradually  raise  one  end  of  the  axis,  say  the  one  representing 
the  south  pole,  the  equator  will  get  gradually  more  oblique, 
and  move  towards  the  north  as  in  the  eastern  hemisphere, 
and  south  as  in  the  western  hemisphere ;  you  will  find  that 
the  crust  will  be  riven  and  dislocated  similar  to  what  we  see 
taking  place  in  former  ages  on  our  earth.  It  is  also  known 
that  centrifugal  force  acts  not  only  at  right  angles  to  the 
axis,  but  it  has  also  a  lateral  motion,  which  will 
account  for  the  dislocation  and  overlapping  of  the  strata. 
I  must  also  remark  that  this  cannot  be  a  perfect  model  of 
our  sphere  for  several  obvious  reasons,  one  of  which  is  that 
at  least  two  thirds  of  our  globe  is  covered  with  water. 
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It  must  also  be  borne  in  mind  that  although  the  difference 
of  nine  miles  (which  only  means  4^  miles  all  round)  does 
not  appear  to  be  very  much  in  comparison  to  the  nine  thou- 
sand which  the  globe  is  in  diameter,  still  you  will  find  that 
eyen  4^  miles  difference  in  our  present  levels  will  be  found 
quite  sufficient  to  submerge  any  continent  on  the  face  of  the 
globe  with  the  exception  of  the  tops  of  mountains.  Astrono- 
mers tell  us  that  the  deviation  of  the  axis  arrives  at  its 
maximum  every  39  thousand  years,  consequently  where  the 
north  pole  now  is  the  south  pole  will  be  when  the  next 
climax  occurs,  and  during  this  period  the  climatic  alterations 
will  vary  from  glacial  to  tropical,  in  consequence  of  the 
equator  always  maintaining  its  position  towards  the  direction 
of  the  sun. 

It  is  supposed  that  our  last  great  climax  was  a  glacial 
one,  and  there  are  plenty  of  evidences  to  prove  this,  by  the 
firequency  with  which  moraines,  and  the  effects  of  glaciers 
are  met  with  in  this  and  much  more  southern  countries. 

Even  in  the  river  Amazon,  which  is  now  directly  on  the 
equator,  Agassiz  found  ample  evidence  of  this  by  the  numerous 
remains  of  glaciers  and  moraines  which  he  met  with  on  his 
exploring  expeditions  into  those  countries.  In  like  manner, 
ire  can  go  to  northern  latitudes,  such  as  Iceland,  Greenland, 
and  Siberia,  and  find  any  amount  of  fossil  plants,  which 
must  have  originally  grown  in  a  tropical  climate ;  besides, 
there  are  innumerable  remains  of  tropical  animals,  such  as 
the  elephant,  mammoth,  &c.,  and  even  at  the  present  day, 
after  a  very  heavy  storm,  numbers  of  elephant's  trunks  are 
washed  up  on  the  coast  of  Iceland,  and  in  the  deserts  of 
Siberia  numbers  of  the  remains  of  elephants  and  mammoths 
are  found  with  the  hair  and  flesh  still  adhering  in  a  frozen 
state.  Even  in  England  we  find  the  remains  of  extinct 
auimals  that  could  only  have  existed  in  a  tropical  climate. 
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It  may  perhaps  be  thought  by  some  people  that  if  these 
theories  are  correct  we  should  already  have  some  evidence 
to  prove  that  our  climate  is  getting  warmer,  or  that  the 
levels  of  the  sea  coast  are  altering ;  but  when  we  take  into 
consideration  the  infinitesmal  duration  of  human  life  in 
comparison  with  the  geological  epochs,  you  will  find  that 
the  age  of  man  is  little  more  than  an  atom,  and  even  our 
historical  records — such  as  we  be  able  to  place  any  reliance 
upon — go  back  only  about  2,000  years,  and  beyond  this  it  is 
only  legendary  for  about  4,000  more,  making  altogether 
about  6,000  years,  at  which  time  it  is  stated  that  the  whole 
earth  was  subjected  to  a  universal  flood.  I  think  there  are 
very  few  scientists  of  the  present  day  who  would  argue  that 
the  water  which  caused  this  flood  came  from  the  clouds,  but 
according  to  my  theory  it  would  be  caused  either  through  a 
depression  or  upheaval  of  some  part  of  the  earth's  sur&ce 
caused  by  the  action  of  centrifugal  force. 

It  is  supposed,  and  I  think  with  very  little  doubt,  that  at 
one  period  the  places  occupied  by  the  Atlantic  and  Pacific 
Oceans  were  large  continents,  and  when  these  came  to  be 
submerged  a  great  portion  of  Africa  and  America  became 
upheaved.  Indeed  the  numerous  islands  and  atolls  in  the 
Pacific  Ocean  clearly  point  that  they  are  the  remains  of  large 
continents,  and  when  naturalists  go  up  the  moimtains  in 
both  North  and  South  America  they  find  nimibers  of  beautiful 
specimens  in  conchology  which  could  only  have  got  there  by 
upheaval  or  being  washed  over  by  the  ocean.  There  is 
another  remarkable  fact  that  I  wish  to  call  your  attention  to, 
namely  that  most  of  the  land  that  is  now  above  the  ocean 
lies  north  of  the  equator,  and  we  do  not  know  but  that 
Australia  and  New  Guinea  are  not  the  remains  of  a  large 
southern  continent  that  existed  at  some  prior  epoch,  and  which, 
when  the  next  great  climax  occurs,  will  be  again  brought 
into  existence,  although  in  a  different  form.      I  would  also 
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wish  to  call  your  attention  to  the  earthquakes  and  disrup- 
tions that  are  taking  place  at  the  present  time,  as  bearing 
out  these  theories ;  that  in  the  east  they  occur  north  of  the 
equator,  as  in  China,  Japan,  &c. ;  and  south  of  the  equator 
as  in  Peru  and  Central  America,  and  which  in  course  of  time 
will  continue  to  diverge  more  to  the  north  and  south  of  the 
present  equator.  My  reason  for  suggesting  that  lines  should 
be  drawn  across  this  supposed  model  to  represent  latitude 
and  longitude  is  for  the  purpose  of  showing  the  extent  of 
those  fractures  and  dislocations  as  they  take  place  in  the 
crust  during  upheaval,  and  no  doubt  you  will  find  a  great 
disparity  in  the  magnitude  that  they  assume,  but  they  are 
just  as  likely  to  occur  under  the  ocean  as  on  land,  and  if  in 
the  former  case,  we  are  only  made  aware  of  it  by  immense 
tidal  waves,  such  as  have  occurred  when  the  coast  of  Peru 
subsided  some  few  years  ago,  the  influence  of  which  was  felt 
not  only  on  the  coasts  of  New  Zealand  and  Australia  but 
also  on  our  own  coasts. 

Geologists  have  hitherto  been  very  much  perplexed  in 
accounting  for  these  great  changes,  and  I  will  quote  a  short 
paragraph  from  an  address  given  by  our  worthy  Chairman 
on  the  1st  November  last,  in  which  he  says :  ''These  things 
"have  undoubtedly  been  governed  by  some  law,  and  appar- 
"ently  we  must  look  for  some  other  origin  than  either 
"denudation  by  water  for  the  formation  of  the  main  contours 
"and  beyond  ice  to  account  for  the  formation  of  moraines 
"and  drift.'* 

Now  this  is  just  what  I  always  thought  myself,  but  if  you 
will  give  these  theories  a  little  of  your  attention  you  will 
find  they  will  amply  account  for  all  those  denudations, 
abrasions  and  depositions  that  cause  so  much  perplexity  to 
geologista  and  other  scientists  at  present. 

I  am  quite  prepared  to  find  that  many  people  may  con- 
lider  this  hypothesis  as  chimerical,  nevertheless   we  know 
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that  these  things  have  occurred,  and  if  any  other  person  can 
deyise  a  more  probable  elucidation,  so  much  the  better. 

Before  I  conclude  this  address  I  should  like  to  ask  one 
question,  but  I  do  not  expect  that  you  will  answer  it  this 
evening,  although  you  may  do  so  at  some  future  meeting, — 
namely,  from  where  and  how  is  the  power  derived  that 
causes  this  globe  to  rotate  on  its  axis  26,000  miles  every 
twenty-four  hours  P 

In  answering  this  question  I  expect  that  you  will  not 
allude  to  anything  of  a  supernatural  nature.  This  is  a 
physical  world,  it  is  governed  by  natural  laws,  and  the  laws 
of  nature  are  the  laws  of  the  Almighty. 


The  thanks  of  the  meeting  having  been  given  to  Mr. 
Oldham, 

The  Chairman  said,  he  thought  that  the  rate  of  increase 
of  temperature,  which  was  put  at  three  to  five  degrees  per 
1,000  feet- 
Mr.  Oldham  :  That  is  merely  nominal. 
The  Chairman  continued  :  That  was  much  lower  than  was 
found  to  be  the  case.  Taking  the  normal  temperature  to  be 
50  degrees  at  a  depth  of  50  feet  below  the  surface  of  the 
ground,  the  rate  of  increase  had  been  placed  at  one  degree 
for  every  succeeding  50  or  60  feet.  This  was  borne  out  by 
a  very  large  number  of  observations,  and  one  degree  for. 
every  20  yards  was  now  taken  as  the  standard. 

In  the  course  of  further  conversation,  the  Chairman 
said :  Mr.  Oldham  has  spoken  only  of  the  centrifugal  force 
caused  by  the  rotating  of  the  earth  upon  its  axis,  but  there 
is  another  motion,  the  longitudinal  motion  round  the  sun — 
that  motion  which  the  late  Dr.  Brown,  of  Pendleton,  in  a 
paper  by  him  which  I  read  the  other  day,  held  to  be  the 
cause  of  gravity,  the  rotating  of  the  earth  upon  its  axis 
being  a  counteracting  force. 
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Mr.  Oldham  maintained  that  centrifugal  force  would 
counteract  gravity. 

The  Chairman  :  That  was  exactly  Dr.  Brown's  view. 
Dr.  Brown  showed  that  the  centrifugal  force  was  so  great 
in  the  planet  of  Saturn  that  it  was  almost  flying  asunder, 
and  that  the  rings  of  Saturn  were  to  be  attributed  to  it. 
There  is  another  point  in  this  paper  which  may  be  quite 
true,  but  it  rather  startled  me.  Mr.  Oldham  said  that  two- 
thirds  of  the  surface  of  the  earth  were  covered  with  water. 
I  should  have  thought,  off-hand  and  without  going  iuto  a 
calcidation,  that  they  were  pretty  nearly  equally  divided, 
and  that  if  there  was  apparently  more  sea  than  land  the 
difference  was  made  up  by  that  of  which  at  present  we  know 
nothing — the  poles,  for  instance,  where  there  is  supposed 
to  be  land,  not  having  yet  been  reached.  Then  there  was 
an  allusion  to  the  flood.  I  did  not  quite  catch  whether  Mr. 
Oldham  meant  the  flood  in  the  time  of  Noah  ;  but  if  he  did 
I  must  say  that  all  scientists,  so  far  as  I  know  their  views, 
are  agreed  that  that  flood  was  of  a  very  much  more  local 
character  than  was  supposed  to  be  the  case  in  those  olden 
times,  when  there  were  not  such  ready  means  of  intercom- 
munication between  the  peoples  of  the  world  as  now  exist. 

Mr.  De  Range  said  the  paper  was  one  the  discussion  of 
which  was  somewhat  difficult.  It  had  a  double  aspect — 
astronomical  and  physical  on  the  one  side,  and  geological  on 
the  other.  On  the  physical  aspect  he  would  not  presume  to 
speak,  but  he  could  not  agree  with  the  author  of  the  paper 
that  geologists  were  puzzled  to  account  for  the  overlapping 
of  strata,  the  formation  of  continents,  for  he  believed  that 
alteration  in  the  thickness  of  the  earth's  crust  had  much  to 
do  with  movements  of  upheaval  and  depression,  as  long  ago 
pointed  out  by  Herschell.  Evidences  of  slow  and  gradual 
movements  were  to  be  seen  in  their  own  district,  and,  look- 
ing abroad,  to  the  shores  of  Denmark   and  Sweden,   they 
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saw  certain  areas  gradually  subsiding,  and  certain  other 
areas  which  were  being  upheaved;  and  his  former  chief 
on  the  Geological  Survey,  Sir  Andrew  Ramsay,  well  pointed 
out  that  when  a  continental  area  was  gradually  sinking,  the 
waves  of  the  sea  exerted  upon  the  edges  of  the  coast  line  an 
efEect  which  produced  a  '^  plane  of  marine  denudation,"  the 
upper  portion  ceasing  to  be  affected  at  the  point  at  which 
subsidence  stopped;  and  afterwards  when  that  area,  once 
a  sea  bottom,  came  to  be  tilted  up — and  rain  fell  on  it, 
and  rivers  ran  over  it,  valleys  were  formed — a  section  across 
such  a  continent,  in  a  line  from  the  mountain  summits  down 
to  the  sea,  would  show  that  no  hill  top  exceeded  in  height  the 
old  ''plane  of  marine  denudation."  The  alteration  of  thick- 
ness or  weight  of  the  earth's  crust  was  produced  by  denu- 
dation, subsidence  of  a  curved  surface  produces  flexures  in 
the  strata,  while  faults  and  fractures  were  the  result  of  the 
re-elevation  of  that  curved  surface,  in  which  the  rocks  have 
to  expand,  so  as  to  fill  a  larger  area.  During  a  submergence 
land  was  washed  away  by  the  sea;  and  in  process  of  time, 
subsidence  was  followed  by  upheaval,  and  the  land  assumed 
new  outlines,  rain  and  rivers  doing  their  part.  Under- 
ground temperature  had  been  referred  to,  as  the  Chair- 
man had  stated  the  rate  of  increase  below  a  certain  level,  is 
one  degree  in  every  56  feet.  This  subject  was  very  elabor- 
ately inquired  into  by  a  Committee  of  the  British  Associa- 
tion ;  they  carried  out  experiments  both  in  England  and  the 
continent — the  records  from  the  Mont  Cenis  tunnel  being 
especially  interesting.  The  curves  of  temperature  corres- 
ponded roughly  with  the  curves  of  undulation  of  the  surface. 
Then,  Mr.  Oldham  spoke  also  of  overlapping,  but  he  (Mr. 
De  Ranee)  did  not  follow  him ;  take  the  overlapping  in  the 
Permian  formation  in  Lancashire,  the  Permians  between 
Manchester  and  Tyldesley  rested  upon  high  coal  measures, 
but  north  of  Ormskirk  they  rested  on  the  millstone  grit. 
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It  was  obvious  that  the  strata  were  tilted  up  before  the 
Permians  were  deposited,  and  that- one  particular  rock  might 
overlap  five  or  fifteen  or  any  number  of  strata.  As  to  climate 
Mr.  De  Ranee  doubted  that  there  had  been  a  series  of 
tropical  or  glacial  climates,  and  pointed  out  that,  looking  at 
the  geology  of  the  Arctic  Regions,  so  far  as  could  be  seen, 
climate,  as  now  understood,  was  quite  a  modem  innovation. 
We  had  in  our  own  country,  Dudley  limestone  fossils, 
which  were  identical  with  some  found  in  Sweden  and  in  the 
Arctic  Regions,  carboniferoiis  limestone,  liassic,  and  oolitic 
fossils,  also  occurred — ^identical  not  only  as  to  the  genera, 
but  actually  as  to  the  species  with  those  of  Europe.  In 
remote  ages  the  same  climatic  conditions  seemed  to  exist 
all  over  the  earth's  surface. 

Mr.  Stirrup  said  the  title  of  Mr.  Oldham's  paper  was  an 
ambitious  one,  suggesting  the  resolution  of  some  of  the 
difficult  problems  belonging  to  dynamical  geology.  To 
assign  the  varied  phenomena  treated  of  as  all  being  due  to 
one  cause,  was,  he  considered,  hazardous  in  the  extreme. 
Mr.  De  Ranee  had  not,  he  thought,  addressed  himself  to  the 
real  point  in  the  paper,  which  was  "  the  cause  of  earthquakes 
and  of  the  dislocation  and  overlapping  of  strata,"  &c.  Mr. 
Oldham  assigned  all  to  the  action  of  what  he  called 
centrifugal  force.  The  author  had  only  given  us,  however, 
his  own  theoretical  views,  and  had  not  attempted  to 
prove  by  the  evidence  of  a  single  example,  how  centrifugal 
force  had  acted  in  bringing  about  such  great  movements 
of  the  earth's  crust  as  those  he  had  referred  to.  He  felt 
convinced  that  if  Mr.  Oldham  had  had  a  greater  familiarity 
with  practical  geology,  and  also  a  wider  acquaintance 
with  geological  literature,  he  would  not  have  assigned 
the  cause  of  all  these  phenomena  to  the  action  of  the  one 
force,  which  he  termed  centrifugal.  Moreover,  Mr.  Oldham 
bad  not   sufficiently    explained    what   he   meant   by   that 
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force,  and  how,  and  in  what  way,  earthquakes  were 
produced  by  it,  how  it  caused  a  dislocation  and  over-lapping 
of  the  strata,  and  the  subsidence  and  elevation  of  contin- 
ents, and  all  the  other  phenomena  he  included  in  the 
operation  of  this  unique  force.  That  was  what  they 
required  him  to  do— he  must  give  them  fuller  explanation 
upon  those  several  points  before  any  satisfactory  discussion 
could  take  place.  Although  geologists  differed  in  opinion  as 
to  the  cause  of  earthquakes,  and  the  elevation  and  subsidence 
of  continents,  they  were,  by  general  consent  among  geologists, 
assigned  to  very  different  causes  from  those  which 
Mr.  Oldham  had  placed  before  them.  He  hoped  Mr. 
Oldham  would  enlighten  the  meeting  on  the  full  meaning  of 
"  centrifugal  force  "  as  understood  by  him,  and  its  method 
of  work  in  producing  the  physical  phenomena  he  had 
discussed. 

Mr.  Oldham  said :  Mr.  Stirrup  evidently  does  not  take 
into  consideration  what  centrifugal  force  is  capable  of  doing. 
If  he  will  consider  the  supposed  model  I  have  named  he  can 
imagine  the  thing  for  himself.  Supposing  you  take  a  mass 
of  plastic  matter — say  potter's  clay — and  cause  it  to  revolve 
(without  putting  any  crust  at  all  upon  it),  the  mere  motion 
upon  its  axis  would  cause  it  to  bulge  out  at  the  middle. 

Mr.  De  B.ANCE  asked  if  Mr.  Oldham  had  had  such  a 
model  made. 

Mr.  Oldham  said  he  had  not. 

Mr.  ToNGE  said  he  had,  like  Mr.  Stirrup,  been  struck  with 
the  title  of  the  paper — **  The  Cause  of  Earthquakes,  Ac." 
He  followed  the  reading  of  it  with  some  interest,  and  when 
Mr.  Oldham  sat  down  he  thought  he  had  scarcely  got 
beyond  the  beginning  of  it.  He  quite  expected  Mr. 
Oldham  to  go  on  to  show  how  very  different  the  earth  was 
to  a  plastic  model.  The  earth,  so  far  from  being  composed 
of  dead  matter,  was  to  a  large  extent  composed  of  matter— 


139 

whichy  if  not  living  matter,  was  at  least  in  a  state  of 
great  activity.  He  believed,  according  to  the  latest 
theory,  that  the  earth  was  not  so  heavy  as  Mr.  Oldham 
would  have  them  suppose:  it  was  partially  composed 
of  molten  matter — only  partially,  however — and  the 
hard  crust  at  times  exhibited  rents,  accompanied  by 
earthquakes  and  giving  rise  to  volcanoes;  but  this 
plastic  model  which  they  were  asked  to  imagine  would 
not  be  capable  of  any  such  upheavals  from  within — certainly 
nothing  analagoiis  to  volcanoes.  Such  a  model,  therefore 
was  not  to  be  compared  with  what  goes  on  on  the  earth's' 
surface.  He  (Mr.  Tonge)  was  of  opinion  that  water  and 
heat  had  very  much  to  do  with  earthquakes,  and  that  these 
could  not  be  all  attributed  to  centrifugal  force,  which,  as  he 
understood  Mr.  Oldham,  was  a  sort  of  rending  the  earth 
asunder  by  the  speed  at  which  it  revolves. 

Mr.  Perot  F.  Kendall  said  he  had  not  had  the  advantage 
of  hearing  the  whole  of  the  paper,  but  from  what  he  had 
been  able  to  gatner,  the  author  relied  upon  the  action  of  a 
mass  of  clay  rotating  upon  a  potter's  wheel  as  furnishing  a 
parallel  illustration  to  the  action  of  the  earth  rotating  in 
space.  There  was  only  one  criticism  which  he  could  venture 
to  offer  to  that  view.  Let  the  author  make  his  model,  and 
place  upon  its  surface  small  bodies,  as  peas  or  sand  grains, 
to  represent  the  materials  that  were  loosely  strewn  on  the 
surface  of  the  earth,  and  let  him  then  rotate  his  model,  and 
see  how  far  the  conditions  were  parallel.  He  would  find 
that  his  peas,  or  sand  grains,  representing  houses,  churches, 
and  human  beings  would  be  flung  off.  That  simple  experi- 
ment would  doubtless  suffice  to  convince  Mr.  Oldham  that 
centrifugal  action  was  not  the  key  to  the  whole  of  these 
problems. 

Some  remarks  were  offered  by  one  or  two  other  gentlemen, 
and  Mr.  Oldham  briefly  replied. 
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ON  A  LARGE  BOULDER  FOUND  IN  OXFORD 

STREET,   MANCHESTER. 

By  Mr.  Percy  F.  Kendall,  Assistant  Lecturer  on  Geology 

at  the  Owens  College. 


In  a  preliminary  note  upon  this  boulder,*  which  is  now 
fixed  on  an  artificial  mound  in  the  quadrangle  of  the 
Owens'  College,  Manchester  (see  Fig.  ^J,  I  stated  in 
general  terms  the  main  peculiarities  presented  by  the  erratic 
and  its  mode  of  occurrence.  Professor  W.  Boyd  Dawkins  also 
contributed  an  article  to  the  Ouardian  newspaper.f  The 
object  of  the  present  communication  is  to  give  a  more 
detailed  account,  to  point  out  certain  peculiarities  which 
were  not  observed  at  first,  and  to  correct  one  or  two  errors 
which  have  been  made  in  the  description  of  the  beds  in 
which  the  stone  was  embedded. 

From  the  subjoined  section  (Fig.  1)  it  will  be  seen  that, 
commencing  at  the  top,  after  traversing  a  small  quantity  of 
made  ground  the  shaft  sunk  for  the  extraction  of  the  boulder 
passed  through  about  25  feet  of  tough  boulder  clay,  contain- 
ing numerous  boulders  of  small  size,  mostly  well-rounded 
and  striated*  beneath  this  came  a  bed  of  coarse  gravel  about 
8  feet  with  many  small  boulders  a//  lying  icith  their  long  axes 
horisontaL  and  beneath  this  again  came  New  Red  Sandstone. 

The  great  boulder  lay  with  its  long  axis  in  a  horizontal 
position,  and  directed  about  &  18*^  K  ^ag-.i  and  it  was 
(%mipleteiy  e^ceh^^i  in  boulder  clay.  Mr.  Mellard  Reade  in 
a  communication  to  the  Liverpool  Geological  Society, 
describes  a  band  of  "  Book-leaf  clay  "  as  occurring  in  the 

•  IVv.  LiJ.  and  l^hiL  Soc..  M»nch<«t«r«  ISS$, 
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gravel  beneath  the  boulder,  but  I  fear  that  the  difficulty  of 

making  accurate  obserration  by  candle-light  in  a  narrow 

cutting  caused  him  to  be  misled.     I  examined  the  section 

many  dozens  of  times  but  it  was  only  a  few  days  before  the 

boulder  was  raised  that  T  observed  in  company  with  Dr. 

JTulius  Cohen  a  singular  circumstance  that  will  explain  the 

discrepancy  between  Mr.  Reade's  version  of  the  section  and 

own.     The  boulder  as  I  have  stated  was   completely 

sloped  in  boulder-clay,  yet  the  bottom  of  the  mass  was 

3   feet  below  the  general  level  of  the  surface  of  the  gravel-bed. 

Ifc    lad  in  fact  obviously  been  dropped  down  when  a  few 

i&^t  at  most  of  the  clay  had  been  deposited  and  by  the 

violence  of  its  descent  had  driven  3  or  4  inches  before  it 

do-^ni  into  a  hollow  impressed  in  the  underlying  g^vel  to  a 

^^^^I^th  of  3  feet.     The  pellicle  of  clay  carried  down  has  no 

doxibt  owed  its  fine  lamination  to  the  pressure  of  the  boulder. 

I  o^uld  not  detect  any  crushed  or  fractured  stones  in  the 

'^^^^erlying  g^vel. 

Composition,  4c. — In  the  note  previously  alluded  to  I 
^*^^racterised  the  rock  as  an  andesite,  being  guided  in  my 
^^^gnosis  chiefly  by  the  microscopic  characters  and  the 
^*  gr  (about  2*74).  In  this  opinion  I  am  confirmed  by 
*^  analysis  kindly  made  for  me  by  Dr.  Cohen.  From  the 
^gures  given  (see  page  145)  it  will  be  seen  that  there  is  63*6 
P^T  cent,  of  silica  present  and  as  triclinic  felspar  is  predom- 

^^^ant,  the  rock  may  be  safely  pronounced  to  be  an  andesite 

^  somewhat  acid  composition. 

For  comparison  I  give  an  analysis  of  a  rock  from  Conistoo, 
^hich  I  recognised  in  the  first  instance  as  a  Lake  District 
fock  solely  by  its  resemblance  to  the  rocks  forming  so  large 
&  percentage  of  our  boulders.  A  reference  to  the  catalogue 
^irmshed  the  locality  '^  near  Coniston."  The  microscopic 
cluiracters  of  the  rock  are  obscure  and  inconclusive  on 
acooont  of  the  great  amount  of  decomposition  which  has 
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taken  place  ;  but  it  may  be  stated  that  triclinic  and  ortho- 
close  felspars  have  been  detected,  and  much  epidote  of 
secondary  origin  and  a  finely  crystallised  ground  mass. 

I  am  favoured  by  Professor  Dawkins  with  the  use  of  a 
specimen  and  section  of  an  andesitic  rock  of  very  similar  char- 
acter from  Shoulthwaite,  Cumberland,  and  a  comparison  witli 
it  and  other  Lake  District  lavas  induces  me  to  qualify  my 
former  opinion  regarding  the  place  of  origin  of  the  boulder 
and  content  myself  with  the  vague  and  general  localisation 
to  the  Lake  District;  at  the  same  time  my  experience  of 
boulders  leads  me  to  believe  that  we  should  look  rather  to 
the  S.  &  W.  of  that  district  than  to  the  N.  &  E.  for  their 
source. 

External  Features. — The  general  form  of  the  block 
may  be  described  as  an  irregular  parallelepiped  having 
the  dimensions  already  given.  The  end  upon  which  the 
stone  now  rests  (the  N.W.  end  as  it  lay  originally)  is  rough 
and  blunt,  while  the  opposite  end  is  somewhat  tapered.  The 
sides  are  somewhat  evenly  curved  and  retain  a  crust  of  much 
weathered  rock  with  a  strong  ferruginous  stain  such  as 
might  be  expected  to  result  from  the  exposure  of  a  rock  of 
the  like  chemical  composition  for  a  long  period  to  the  atmos- 
phere. The  occurrence  of  this  weathered  crust  is  a  fact  of 
great  significance. 

The  upper  surface  (that  which  faces  outward  towards  the 
quadrangle)  is  somewhat  smoothed  though  not  quite  flat,  and 
is  longitudinally  striated.  Small  eminences  occur  upon  the 
surface,  and  by  a  careful  examination  of  these  it  may  be  seen 
that  they  are  **  moutonnee/'  and  that  the  lee-side  of  each 
little  hummock  retains  vestiges  of  a  ferruginous  decomposed 
crust  similar  to  that  seen  upon  the  sides  of  the  boulder.  The 
lee-side  is  invariably  the  S.E.  (upper)  side,  consequently  the 
friction  must  have  been  from  the  opposite  side.  Upon  the 
lower  side  of  the  stone  the  striae  are  very  strong  and  deep, 
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and  their  direction  (determined  by  the  moutonn^  hummocks) 
is  from  the  eastern  comer.  From  the  consideration  of  the 
foregoing  facts  it  will  be  seen  that  a  very  small  amoimt  of 
glaciation  had  taken  place,  and  that  the  rock  has  not  been 
materially  and  indeed  hardly  perceptibly  altered  in  general 
form  by  glacial  agencies.  One  singular  feature  is  presented 
by  the  boulder,  which,  I  believe,  has  not  been  hitherto 
recorded  of  any  British  erratic,  viz. : — It  exhibits  distinct 
traces  of  fracture  either  by  great  pressure,  or,  as  it  seems  to 
me,  more  probably,  by  concussion  previous  to  its  glaciation. 
On  the  south-western  edge  of  the  upper  surface  a  scar  can 
be  distinctly  seen  whence  a  flake  has  been  broken,  and  from 
the  fact  that  the  edges  of  the  scar  are  smoothed  and  rounded, 
it  is  evident  that  it  was  produced  before  the  smoothing  and 
scratching  of  the  boulder.  A  similar  scar  is  visible  upon  the 
north-eastern  side  at  the  north-western  end  (lower).  The 
fractures,  in  my  opinion,  were  produced  by  a  blow,  as  they 
do  not  bear  the  relation  to  the  striao,  which  might  be 
expected  supposing  them  to  have  been  the  result  of  pressure 
as,  or  by,  a  slow  moving  mass  in  a  glacier.  In  the  latter 
case  I  should  expect  the  striae  to  run  at  right  angles  to  the 
edge  at  which  the  pressure  was  applied,  whereas  their  direc- 
tion is  parallel  to  it. 

The  explanation  which  I  would  ofier  is,  that  the  boulder 
lay  upon  a  hill-side  exposed  to  the  weather  for  ages,  and 
thus  acquired  the  ferruginous  crust,  that  at  some  period  in 
the  glacial  epoch,  it  was  dislodged  by  an  avalanche,  and, 
thundering  down  from  crag  to  crag,  the  fragments  were 
struck  off.  Falling  upon  the  surface  of  a  glacier,  such  as 
the  great  ice  stream  which  came  down  Ennerdale,  it  in 
course  of  time  dropped  down  a  crevasse,  and  gradually 
making  its  way  to  the  bottom,  was  scrubbed  over  the  rocky 
floor  of  the  glacier  bed,  thereby  acquiring  the  scratches  which 
we  see  upon  it.    The  various  cross-currents  which  are  known 
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to  exist  in  modem  glaciers,  may  indicate  the  agency  by 
which  the  stone  was  turned  over,  so  as  to  be  scratched  on 
two  faces,  or  it  may  be  that  the  stone  was  dropped  upon  a 
moraine  mound,  and  picked  up  again  on  a  further  advance 
of  the  glacier.  However  the  scratches  were  inscribed,  one 
thing  appears  to  be  tolerably  certain,  that  is,  that  the  boulder 
was  not  carried  for  any  great  distance  in  a  position  to  be 
scratched,  and,  further,  that  its  present  ./brm  is  practically 
that  which  it  possessed  while  still  lying  upon  its  parent  hill. 

As  to  the  mode  of  transport  to  its  resting  place  in  the 
Boulder  Clay  : — I  incline  to  the  opinion  that  it  was  carried 
by  an  ice-sheet  the  greater  part  of  the  way  from  the  Cumbrian 
hills,  and  the  remainder  of  the  distance  by  a  floating  berg, 
from  which  it  fell  into  deep  water.     This  appears   to  be 
indicated  bv  the  distance  to  which  the  stone  was  driven  into 
the  Boulder  Clay,  and  the  underlying  gravel.     To  the  ques- 
tion— ^what  evidence  is  there  that  the  transport  was  mainly 
by  an  ice-sheet  ?     I  would  reply  that  the  almost  complete 
absence  of  intermixture  of  Irish  and  Manx  rocks,  seems  to 
me  to  be  explicable  only  on  the  hypothesis,  so  ably  advance^B 
by  the  late  Professor  Carvill  Lewis,  that  the  Irish  Sea 
occupied  by  an  ice  sheet,  the  Cumbrian  and  Scotch  elements 
which  alone  reached  the  Manchester  area.       Before   thi^ 
question  can  receive  any  definite  answer,  a  g^eat  deal  o— 
additional  information  is  needed  respecting  the  geographu 
distribution  of  boulders  of  the  various  exotic  rocks. 

Associated  Boulders. 

(a,)  In  the  Boulder  Clay, — Many  local  or  possibly 
rocks  are  present,  such  as  Coal  Measure  Sandstone,  MillstoiR^ 
Grit,  Carboniferous  Limestone  and  Chert,  and  fossiliferocs^ 
Permian  Limestone.      Next  in  order  of  abundance  may  he 
reckoned  rocks  from  the  Lake  District,  such  as  Andesit^^ 
Rhyolite,   Volcanic   Agglomerate,    Qz.   Porphyry,   the   so 
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called  Syenite  of  Buttermere  (really  a  Granophyre),  the 
Gh*aiiite  of  Muncaster  Fell,  and  various  sandstones  and  grits. 
Of  these  the  most  abundant  is  unquestionably  the  group  of 
Andesites.  The  Granites  of  Earkcudbrightshire  close  the 
series. 

(b.)  In  the  Oravel. — ^Nearly  all  the  foregoing  rocks  make 
their  appearance,  but  in  very  different  proportions  from 
those  found  to  obtain  in  the  Boulder  Clay.  Coal  Measure 
Sandstones  are  relatively  far  more  abundant,  and  probably 
constitute  three-fourths  of  the  whole.  After  these  come  the 
Granites,  both  Scottish  and  Cumbrian,  and  in  an  insignifi- 
cant minority  are  the  Andesites  and  their  kindred.  The 
stones  are  of  small  size,  and  very  rarely  show  signs  of 
glaciation — indeed,  taken  as  a  whole,  the  deposit  looks  more 
like  a  coarse  river-gravel  than  a  glacial  accumulation. 
These  facts  undoubtedly  possess  a  high  significance,  but  what 
that  may  be  I  do  not  at  present  venture  to  suggest. 

In  conclusion,  I  would  remark  that  many  details  are  here 

given  which  may  appear  trivial  and  imimportant,  but  there 

irill  come  a  time  when  every  item  of  information  regarding 

Our  glacial  deposits  will  be  seized  upon  and  utilized  in  the 

Solution  of  the  great  problem  of  how  our  island  was  afiected 

and  what  was  its  physical  condition  during  the  great  Ice 
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A  Yote  of  thanks  having  been  passed  to  Mr.  Kendall, 
The  Chairman  said  he  had  seen  the  boulder  in  question, 
and  it  certainly  was  a  remarkable  one:  it  was  the  largest,  or 
one  of  the  largest,  he  had  even  seen.  He  must,  however, 
take  exception  to  the  inscription  which  had  been  put  upon 
it,  to  the  effect  that  it  had  been  carried  there  by  ice.  It 
was  doubtless  conveyed  there  by  some  means,  but  how, 
there  is  no  evidence  to  show.  The  glacial  theory  is  merely 
hypothetical.  Our  globe  is  but  one  of  a  series  of  planets, 
and  the  transporting  of  boulders  may  easily  be  imagined_— 
amongst  the  changes  which  would  occur  as  each  planel 
took  its  orbit. 

In  answer  to  a  member, 

Mr.  Kendall  said  he  had,  in  the  paper,  expressed  th< 
opinion,  and  stated  what  he  considered  to  be  valid  gromu 
on   which   to   base   that  opinion,  that    in   this  [imlii  iilni^~ 
instance  the  boulder  had  been  transported  by  an  ice  sheet 
but  he  must  disclaim  all  responsibility  for  the  inscription  "'i-'^^^^^ 
that  boulder. 


Mr.  De  Range  said  he  would  like  to  bear  his  testimony 
the   care   and   accuracy   which   the   author  had  evidendj^^-^T 
bestowed  upon  his  paper.     No  one  knew  more  than  memi 
of  the  Geological  Survey,  how  valuable  it  was  to  have  locaT 
observers   who   took   advantage   of    railway   cuttings,    tin 
making  of  sewers,  and  what  not,  for  noting  the  peculiaritii 
of    local   strata.     It  was   only    by    careful    and    detaile^^^ 
examination  that  they  could  hope  to  arrive  at  a  knowledg^^^-® 
of  the  geological  details  of  the  country ;  and  it  appeared 
him,    Mr.    Kendall's   was   a  paper  of  that  class — a  papei 
which   was  particularly   suitable   to   bring  before  a  locaC— ^ 
Society.     With  regard  to   the  inscription  on  the   Oxfon^^*' 
Street  boulder,  he,  for  one,  with  all  deference  to  the 
man,  should  say  that  it  was  a  right  one  to  put  upon  i1 
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Whether  it  came  by  floating  ice,  or  whether — as  he  gathered 
from  his  paper  Mr.  Kendall  seemed  to  think — by  land-ice, 
was  a  matter  of  detail ;  but,  as  far  as  he  knew,  there  were 
only  two  sorts  of  ways  in  which  it  could  otherwise  come — 
one,  that  it  was  a  boulder  thrown  out  of  the  cone  of  a 
Tolcano,  (and  it  was  obvious  it  could  not  be  that),  and  the 
Beoond  was,  that  it  might  have  been  brought  down  by  floods, 
as  boulders  of  a  certain  size  sometimes  were,  entangled  in 
the  roots  of  trees.  It  seemed  to  him,  however,  that  this 
particular  boulder  was  too  large  to  be  conveyed  in  either  of 
ihoee  ways,  and  the  only  possible  method  of  transportation 
had  been  by  ice. 


THE  LATE  EAETHQUAEJl  SHOCK. 


Mr.  De  Range  made  a  brief  reference  to  the  earthquake 
ihock  which  was  felt  throughout  a  great  part  of  Lancashire 
m  the  night  of  Simday,  February  10th.  He  mentioned  the 
iingnlar  fact  in  connection  with  the  earthquake  which  visited 
Essex  two  or  three  years  ago,  that  in  some  deep  wells  the 
Bvater  level  was  raised,  and  it  continued  at  the  higher  level 
?br  some  months.  At  Colchester  the  Water  Committee 
appointed  a  certain  day  to  consider  the  question  of  lowering 
:.lie  pumps,  but  in  the  meantime  the  earthquake  came,  raised 
^lie  level  of  the  water  and  so  rendered  the  contemplated  step 
[umeoessary.  His  object  in  mentioning  the  matter  was  to 
ascertain,  if  possible,  whether  any  similar  phenomenon  had 
been  observed  to  follow  the  earthquake  in  this  district. 

A  brief  conversation  took  place,  but  no  phenomenon  such 
ta  Mr.  De  Banco  had  mentioned  was  stated  to  have  been 
c^liserved. 

The  Ghaibman  said  he  was  at  home  reading  at  the  hour 
tlie  shock  was  stated  to  have  occurred,  but  he  did  not  feel  it. 
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One  of  the  servants,  however,  in  an  upper  room  said,   she 
was  nearly  thrown  out  of  bed. 

Mr.  Db  Range  said  that  ten  years  ago  there  was  an  earth- 
quake shock  at  Preston,  rather  shorter  than  the  one  recently 
felt,  and  in  that  csise  it  was  noticed  that  it  was  more  sensibly 
felt  by  people  up  stairs  than  by  those  on  the  ground  floor. 

Mr.  Stirrup  said  there  was  evidence  of  the  recent  shock 
having  been  felt  over  a  pretty  wide  area,  embracing  the 
district  south  of  Manchester. 

After  some  further  conversation  the  subject  dropped  and 
the  meeting  adjourned. 
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TRANSACTIONS 

OF  THS 

MANCHESTER  GEOLOGICAL  SOCIETY. 

Pakt  VII.  Vol.  XX.  Session  1888-9. 

The  Okdinart  Meeting  of  the  Members  was  held  on 
Tuesday,  March  12th,  1889,  at  the  Rooms  of  the  Manchester 
Literary  and  Philosophical  Society,  Gteorge  Street. 

The  President,  Joir^  Knowles,  Esq.,  M.Inst.O.E., 

in  the  Chair. 


NEW  MEMBERS. 


The   following   gentlemen   were  balloted   for  and   duly 
elected  Ordinary  Members  of  the  Society : — 

iSfr.  William  Bbllhouse  Scott,  Engineer,  133,  Man- 
chester Old  Road,  Middleton. 
^ir.   Arthur    Birtwistle,    Colliery  Proprietor,   Great 
Harwood  Collieries,  near  Blackburn. 
•.  WiLLLA^M    Taylor,   Colliery    Manager,   Whitebirk, 
Blackburn. 
J.  John   Taylor,  Colliery  Manager,  Great   Harwood 

Collieries,  near  Blackburn. 
T.   Edgar    0.   Bolton,    Mining    Engineer,    Burnley 
Collieries,  Burnley. 


[r.  Lees  Knowles,  M.A.,  LL.M.,  M.P.,  of  Pendlebury 
London,  was  elected  a  Life  Member  in  accordance  with 

^^Ue  vni. 
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The  following  are  the  recent  additions  to  the  Library  : — 

Bel&st  Natural  History  and  Philosophical  Society :  Report  and  Pro- 
ceedings,  1887-8. — From  the  Society, 

Bradford  Free  Libraries  :  Eighteenth  Annual  Report. 

Bristol  Naturalists*  Society ;  Proceedings,  Part  3,  Vol.  V.,  1888. — Fnm 
the  Society. 

Chesterfield  and  Midland  Counties  Institute  of  Engineers :  Tranaactiont, 
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to  ozist  in  modem  glaciers,  may  indicate  the  agency  by 
which  the  stone  was  turned  over,  so  as  to  be  scratched  on 
two  faces,  or  it  may  be  that  the  stone  was  dropped  upon  a 
moraine  mound,  and  picked  up  again  on  a  further  advance 
of  the  glacier.     However  the  scratches  were  inscribed,  one 
thing  appears  to  be  tolerably  certain,  that  is,  that  the  boulder 
was  not  carried  for  any  great  distance  in  a  position  to  be 
scratched,  and,  further,  that  its  present  ^/bnw  is  practically 
that  which  it  possessed  while  still  lying  upon  its  parent  hilL 

As  to  the  mode  of  transport  to  its  resting  place  in  the 
Boulder  Clay : — I  incline  to  the  opinion  that  it  was  carried 
by  an  ice-sheet  the  greater  part  of  the  way  from  the  Cumbrian 
hills,  and  the  remainder  of  the  distance  by  a  floating  berg, 
from  which  it  fell  into  deep  water.  This  appears  to  be 
indicated  bv  the  distance  to  which  the  stone  was  driven  into 
the  Boulder  Clay,  and  the  underlying  gravel.  To  the  ques- 
tion— ^what  evidence  is  there  that  the  transport  was  mainly 
by  an  ice-sheet  ?  I  would  reply  that  the  almost  complete 
absence  of  intermixture  of  Irish  and  Manx  rocks,  seems  to 
me  to  be  explicable  only  on  the  hypothesis,  so  ably  advanced 
by  the  late  Professor  Carvill  Lewis,  that  the  Irish  Sea  was 
occupied  by  an  ice  sheet,  the  Cumbrian  and  Scotch  elements  of 
which  alone  reached  the  Manchester  area.  Before  this 
question  can  receive  any  definite  answer,  a  great  deal  of 
additional  information  is  needed  respecting  the  geographical 
distribution  of  boulders  of  the  various  exotic  rocks. 

Associated  Boulders. 

(a.)  In  the  Boulder  Clay. — Many  local  or  possibly  local 
rocks  are  present,  such  as  Coal  Measure  Sandstone,  Millstone 
Grit,  Carboniferous  Limestone  and  Chert,  and  fossiliferous 
Permian  Limestone.  Next  in  order  of  abimdance  may  be 
reckoned  rocks  from  the  Lake  District,  such  as  Andesite, 
Rhyolite,    Volcanic   Agglomerate,    Qz.    Porphyry,    the    so 
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called  Syenite  of  Buttermere  (really  a  Granophyre),  the 
Granite  of  Muncaster  Fell,  and  various  sandstones  and  grits. 
Of  these  the  most  abundant  is  unquestionably  the  group  of 
Andesites.  The  Granites  of  Earkcudbrightshire  close  the 
series. 

(6.)  In  the  Ghra/cel, — ^Nearly  all  the  foregoing  rocks  make 
their  appearance,  but  in  very  different  proportions  from 
those  found  to  obtain  in  the  Boulder  Clay.  Goal  Measure 
Sandstones  are  relatively  far  more  abundant,  and  probably 
constitate  three-fourths  of  the  whole.  After  these  come  the 
Granites,  both  Scottish  and  Cumbrian,  and  in  an  insignifi- 
cant minority  are  the  Andesites  and  their  kindred.  The 
stones  are  of  small  size,  and  very  rarely  show  signs  of 
glaoiation — indeed,  taken  as  a  whole,  the  deposit  looks  more 
like  a  coarse  river-gravel  than  a  glacial  accumulation. 
These  facts  undoubtedly  possess  a  high  significance,  but  what 
that  may  be  I  do  not  at  present  venture  to  suggest. 

In  conclusion,  I  would  remark  that  many  details  are  here 
given  which  may  appear  trivial  and  unimportant,  but  there 
will  come  a  time  when  every  item  of  information  regarding 
our  glacial  deposits  will  be  seized  upon  and  utilized  in  the 
solutioD  of  the  great  problem  of  how  our  island  was  affected 
and  what  was  its  physical  condition  during  the  great  Ice 
Age. 
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From  these  reports  there  does  not  appear  to  haye  been  any 
material  disturbance  in  the  coal  measures,  although  the  places 
where  the  men  worked  are  at  various  depths,  and  there  was 
no  indication  of  the  cause  of  the  earthquake  such  as  might 
have  been  observed  by  the  men. 

A  circumstance  occurred]  at  the  time  of  the  Clifton  Hall 
explosion,  which  took  place  on  June  18th,  1885,  which  to  a 
certain  extent  may  lead  one  to  think  of  a  cause  which  may 
create  earthquakes. 

The  explosion  was  a  very  serious  one,  and  I  understand 
at  the  time  that  a  tremor  of  the  earth  took  place  in 
Broughton,  about  two  miles  to  the  east ;  and  some  persons 
considered  this  was  an  earthquake. 

I  have  thought  over  this  subject  since  then,  and  although 
I  do  not  put  this  forward  as  a  certainty,  I  think  it  is  worthy 
of  consideration  by  the  members  of  the  Society  and  those 
who  may  take  an  interest  in  such  a  subject. 

We  all  know  that  there  are  various  electric  conditions 
in  the  atmosphere,  and  at  times  one  part  is  over  charged 
with  electricity  and  another  part  in  the  negative.  Under 
these  circumstances,  whenever  they  come  into  contact,  there 
is  sure  to  be  a  mutual  distribution  of  electricity  until  they 
are  equal,  causing  at  the  time  of  contact  a  violent  eapbmon, 
creating  thimder  and  vibration. 

There  are  also  times  when  there  is  also  a  difference  in 
the  electrical  conditions  of  the  atmosphere  and  the  earth,  and 
immense  quantities  of  electricity  are  transmitted  from  the 
clouds  to  the  earth. 

I  have  twice  seen  trees  struck  with  lightning,  and  also  a 
cottage  chimney  struck  by  it — showing  an  immense  amount 
of  power. 

Under  these  circumstances  which  apply  to  the  atmosphere, 
may  it  not  be  possible  that  earthquakes  may  be  caused  by 
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the  various  electric  conditions  of  the  crust  of  the  earth — 
and  this  may  be  intensified  by  any  surplus  addition  from 
the  atmosphere.  I  think  it  has  often  been  noticed  that 
before  an  earthquake  the  atmosphere  seems  charged 
with  electricity.  This  was  certainly  observed  on  the  Sunday 
afternoon  of  the  10th  February,  and  it  has  been  noticed  in 
other  places  previously.  In  thinking  this  over,  I  can  quite 
imagine  that  there  might  be  a  great  difference  in  the  electric 
conditions  of  the  various  parts  of  the  crust  of  the  globe — 
which  it  would  be  impossible  to  observe ;  but  if  there  is  an 
interchange  of  conditions  this  could  only  be  done  by  a 
serious  disturbance  underground,  and  thereby  causing  the 
earth  to  tremble. 

In  cases  where  earthquakes  take  place  near  to  volcanoes, 
these  may  materially  add  to  the  more  violent  results — and 
may  no  doubt  be  caused  by  the  extreme  difference  of 
electric  conditions  of  the  earth. 


Mr.  Dickinson  said  he  recollected  when  the  explosion 
^took  place  at  Clifton  Hall,  an  earthquake  was  reported  in 
the  newspapers  to  have  occurred  about  the  time  in  Scotland, 
^nd  that  was  referred  to  by  himself  in  the  course  of  the 
investigation ;  but  so  far  as  was  then  known  there  was  no 
evidence  of  such  a  shock  having  been  felt  so  near  as  Brough- 
txm.  One  would  like  to  know  on  what  evidence  the  shock 
^t  Broughton  is  now  ascertained  to  have  taken  place. 

The  President  said  it  was  certainly  remarked  at  the 
t^ime :  he  had  no  other  evidence. 
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One  of  the  servants,  however,  in  an  upper  room  said,  she 
was  nearly  thrown  out  of  bed. 

Mr.  Db  Bancb  said  that  ten  years  ago  there  was  an  eartli- 
quake  shock  at  Preston,  rather  shorter  than  the  one  recently 
felt,  and  in  that  case  it  was  noticed  that  it  was  more  sensiblv 
felt  by  people  up  stairs  than  by  those  on  the  ground  floor. 

Mr.  Stirrup  said  there  was  evidence  of  the  recent  shock 
having  been  felt  over  a  pretty  wide  area,  embracing  the 
district  south  of  Manchester. 

After  some  further  conversation  the  subject  dropped  and 
the  meeting  adjourned. 
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^aoh  case,  whicli  would  be  of  more  interest  to  medical  men, 
but  will  give  briefly,  from  mj  notes,  the  more  important 
symptoms  of  what  might  be  considered  as  a  typical  case. 

G.  G.  was  a  strongly  built  man  of  48  years  of  age,  who 
had  previously  enjoyed  good  health.  He  had  been  using 
Roburite  for  about  four  months.  His  first  symptoms  were 
smarting  of  the  eyes  and  face,  and  pains  beneath  the  shoulder 
blades,  and  in  the  temples  and  back  of  the  head.  These 
were  followed  by  numbness  in  the  tips  of  the  fingers  and  in 
the  toes,  shortness  of  breath,  constriction  of  the  chest,  and 
palpitation  on  slight  exertion.  These  symptoms  became 
more  pronounced,  and  after  having  used  Roburite  about 
three  months  dimness  of  sight  came  on,  with  aversion  to 
light,  motes  and  stars  dancing  before  the  eyes,  twitching  of 
the  muscles  of  the  eyeballs,  and  a  marked  diminution  of  the 
physical  strength.  The  patient  sufiered  from  pains  in  the 
limbs,  griping  pains  in  the  abdomen,  nausea,  and  occasional 
vomiting.  This  was  succeeded  by  drowsiness  and  unnatur- 
ally prolonged  sleep.  The  patient  has  lost  about  a  stone  in 
weight.  He  is  very  anaemic,  and  sufiers  from  great  nervous 
prostration. 

There  were  other  symptoms  of  interest  chiefly  to 
medical  men.  I  may,  however,  mention  that  I  have 
examined  the  blood  of  the  men  affected  with  the  spectroscope, 
and  have  found  in  it  traces  of  carbonic  oxide. 

I  consulted  Dr.  Ross  as  to  two  of  the  most  typical  cases, 
and  on  examination  he  pronounced  them  to  be  cases  of  car- 
bonic oxide  poisoning ;  an  opinion  in  which  Dr.  Dreschfeld 
also  concurred. 

In  my  opinion  the  primary  cause  of  the  mischief  has  been 
inhalation  of  the  fumes,  and  not  the  handling  of  the 
substance. 

With  respect  to  the  suggestion  thrown  out  by  Mr.  Bramall 
-as  to  the  effect  of  breathing  di-nitrobenaene  in  a  vaporised 
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From  the  Institute. 
Etheridge's  British  Fossils-Palffiozoic :    Vol.  I. — Purchased, 
Prestwich's  Geology,    Chemical,    Physical,    and    Stratigraphical :    Two 

Vols. — Purchased. 
Deep  Borings  in  Trias,  Teigpimouth.    Pamphlet  by  G.  W.  Ormerod. — 

Presented  by  Author. 

Mixed  Accidents  in  Mines.     By  A.  R.  Sawyer. — Presented  by  the  Author. 

Alining  Manual  for  1888. — Presented  by  W,  S,  Skinner, 
Journal  of  British  Society  of  Mining  Students,  May,  1888. — Presented  by 

Jr.  S.  Gresley, 

Ptesented  by  Mr,  William  Whitaker,  F,G.S.  ;— 

Geological   Sketches  of  the  Precious  Metal   Deposits  of  Western 

U.S.A.,  1886. 
Bulletin  U.S.  Geological  Survey  of  Territories :  No.  1,  Vol.  V.,  1879. 
Mines  and  Minerals  of  British  Columbia.    G.  M.  Dawson,  1877. 
Work  of  International  Congress  of  G^logists.      Pamphlet  by  G.  K. 

Gilbert,  1887. 
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Pamphlet,  Chotts  TunisienB,  Hydrologie,  &c.,  1881. 
Pamphlet,  Der  alte  Bergsturz  im  H.  A.  Heim,  1883. 
Pamphlets,   Geological  Surrey  of   Great  Britain,  ExpIaaationB  of 

Horizontal  Sections:  Sheets  18,  41,  42,  54,  and  61. 
Stratigraphical  System  of  Organised  Fossils.     By  W.  Smith,  1817. 
Pamphlet,  American  Geological   Classification   and   Nomenclatuie. 

By  Jules  Marcou,  1888. 
Pamphlet,  Fiihrer  Kgl.  Mineralogische,  Geol.  Museum  zu  Dresden, 

1887. 
Pamphlet,  Den  Norske  Nordhaus  Expedition.     Chemi,  1882. 
Canada,  Geological  and  Natural  History  Survey  of  Canada :   Maps  to 
Vol.  II.,  1885. — From  Director  of  Survey. 

Canadian    Institute:    Proceedings,    Fasc.    1,    Vol.    VI.,    Third 

Series. — From  the  Institute. 

Ottawa,  Canadian  Mining  Review :  Nos.  7-12,  Vols.  VI.  and  VII., 

No.  I,  Vol.  VIII.— ^re»m  the  Editor. 

Halifax,  N.S.  Nova  Scotian  Institute  of  Natural  Science :  Pro- 

ceedings and  Transactions,  Part  2,  Vol.  Vll.,  1887-8. — From 
the  Institute. 
U.S.A.,  Harvard  College :  Bulletin  of  the  Museum  of  Compaztifcivd 
Zoology,  No.  10,  Vol.  XIII.,  Nos.  2-3,  VoL  XVI.,  Nos.  1-2, 
Vol.  XVII.;  Annual  Report  of  Curator  of  Museum,  1887-8 ; 
Harvard  University  Bulletin,  No.  42,  January,  1889. — From 
Alexander  Agassiz. 

New    Fork,   American    Museum  of  Natural    History :    Annnftl 

Report,  1887-8.— /Vwn  the  Trustees. 

New  York,  American  Institute  of  Mining  Engineers :   Transac- 

tions, Vol.  XVI. — From  the  Institute. 

Philadelphia,  Academy  of  Natural  Sciences :   Proceedings,  Part 

1-2,  1888. — From  the  Academy, 

Philadelphia,  Journal  of  Franklin  Institute :    No.  1,  Vol.  Xd., 

Nos.  763-756,  Vol.  CXXVI.,  Nos.  757-8,  Vol.  CXXVU.— 
Frofn  the  Institute. 

— ^  Washington,   Smithsonian    Institution :    Annual    Report,    1886, 
Part  2. — From  the  Board  of  Regents. 

Washing^n,    United    States    Goologioal    Survey:     Monograph, 

Vol.  XII.  and  Atlas ;  Geology  of  Leadville,  Colorado. — From 
Director  of  Survey. 

Pennsylvania,  Geological  Survey  :  Annual  Report  and  Atlas,  1886, 

Part  4.  Atlas  of  Northern  Anthracite  Coal-field,  Part  2. 
Atlas  of  Eastern  Middle  Coal-field,  Part  2.— iVom  Director  qf 
Survey. 
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XJ.S.A.,  Ohio,  Geological  Surrey  of  Ohio.  Economic  Oeolog^  and  Maps, 
Vol.  VI. — JVwn  Edw.  Orton,  State  Oeolcgist, 

Denver,  Colorado  Scientific  Society :   Proceedings,  Part  8,  Vol. 

II. — From  the  Society. 

Elisha  Mitchell  Scientific  Society :   Journal,  Part  2,  1887,  Plurts 

1-2,  Fifth  Year.— JVx>m  the  Society. 

PottsviUe,  Pa. :   The  Colliery  Engineer,  No.  12,  Vol.  VHI.,  Nos. 

1-7,  Vol.  IX.— JVw»  the  Editor. 

Eozoon  Canadense :  its  Geological  and  other  Relations.  By  Sir  J.  W. 
Dawson.  Eozoic  and  PalsBozoic  Bocks  of  Atlantic  Coast  of  Canada. 
By  Sir  J.  W.  Dawson.  Notes  on  Balanus  Hameri.  By  Sir  J.  W. 
Dawson.  Notes  on  Cretaceous  Plants,  from  Port  McNeill. 
Pamphlets.      By  Sir  J.   W.   Dawson. — From  the  Author. 

India,  Calcutta,  Becords  of  the  Geological  Survey  of  India  :    Parts  2-4, 

Vol.  XXI. — From  the  Government. 
Berlin,  Zeitschrift  der  Deutschen  Gtoologisohe  G^ellschaft:    Heft  1,  and 

April-June,  1888,  Band  40. — From  the  Society. 
Brussels,  Catalogue  Illustr^  des  Coquilles  Fossiles  d'Eoc^ne  de  Paris. — 

Purchated. 

Society  Royale'Malacologique  de  Belg^que:  Annales,  Vol.  XXQ., 

1887,  Proems- Verhaux,  Vol.  XVII.,  1888.— i^rom  the  Society. 
Buenos  Ayres,  Estadistica  de  Comerdo  e  Navigacion  do  Bep.  Arg^tine, 

1888.  Datos  Trimestrales  del  Comercio  Exterior:  No.  59, 
1888.  Los  presupuestos,  los  recursos  y  los  Leyes,  &c. — From 
the  Government. 

Christiania.  The  probable  cause  of  the  displacement  of  Beach  Lines: 
Pamphlet  by  Professor  A.  Blyth.  Additional  Note  by 
Professor  A.  Blyth. 

Variations  of  Climate  in  Course  of  Time  :    Pamphlet  by  Professor 

A.  Bljrth. — From  the  Author. 
Halle  a/s,  Mittheilungen  Vereins  fiir  Erdkunde,  1838. — From  the  Society. 

Die  Kaiserliche  Leopold,  Carol,  Akademie  Leopoldina,  1886-1887. 

Die  Versteinerungen  des  Cambrischen  Schichten  systems  der  Insel 

Sardinia:  Nos.  1-33. — From  the  Academy. 
Eieff,  Bussia,  M^moires  de  la  Soci6t^  des  Naturalistes :    Vol.  IX.,  Books 

1-2. — From  the  Society. 
Lausanne,  Bulletin  de  la  Society  Vaudoise :    No.  98,  Vol.  XXIV. — From 

the  Society. 
Lille,  Sod^t^  G^log^que  du  Nord :  Annales  14. — From  the  Society. 
Naples,  Accademia  del  Scienze    Fisiche  e  Mathematiche :   Bendiconti, 

Fasc  1-3,  Vol.  n..  Series  Two,   1888,  Fasc   1-12,  Vol.   I.,  Series 

One,  1887. — From  the  Academy. 
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PariB,  Revue  de  la  LegiBlation   des   Mines,  July-August,    September- 
October,  November-December,  ISSS.-^Furehated. 

Pisa,  Societik  Toscana  di  Scienze  Katurali :  Atti,  Vol  IX.,  Proc^  Verbauz, 
Vol.  Yl.—Fr<m  the  Society. 

Rome,  Realt  Accademia  del  Lincei :   Atti,  Fasc.  1-13,  Vol.  lY. — From  the 
Aeademy. 

St.  Petersburg,  Institut  des  Mines,  Comity  Gr^ologique ;  Memoires :  Nos. 
2-4,  Vol.  v.,  No.  6,  2  Parts,  Vol.  VI.,  Nos.  1-2,  Vol.  VH. 
BuUetin :  Nos.  11-12,  Vol.  VI.,  Nos.  1-6,  Vol.  VH. ;  Supple- 
ment to  Vol.  VII. — From  the  Inetitute, 

Acaddmie  Imp6riale  des  Sciences:    Memoires,  Nos.   1-11,  Tome 

XXXVI.;    Bulletin,  Nos.    2-4,  Tome    XXXII.— jProm    the 
Aeademy, 

Vienna,  Vereine  der  G-eographea  der  Wien  :  Bericbt  XTV.,  Vereinsjahr. — 
From  the  Society, 

Australia,  Melbourne,  Geological  Society  of  Australasia :   Transactions, 
Part  3,  Vol.  l.—From  the  Society. 

The  G^ld  Fields  of  Victoria :   Report  of  Mining  Registrars,  30th. 

June,  1888,  Report,  September,  1888.— ^rom  the  Government, 

Mines  and  Water  Supply,  Victoria :    Report,   1887. — From  the- 

Government. 

Mineral  Statistics  of  Victoria,  1887. — From  the  Government. 

Prodromus  of  Zoology  of  Victoria,  1888.     By  F.  McCoy. — From 

the  Author. 

Sydney,  Royal  Society  of  New  South  Wales :  Journal  and  Proceedings, 
Part  1,  Vol.  XXII.,  1888.— jFrww  the  Society. 

Geological    Survey    of   New    South    Wales:     Memoir,    No.    1, 

PalaBontology,  1888. — From  the  Government. 

Department  of  Mines :  Annual  Report,  1887. — From  the  Govern^ 

ment. 

New  Zealand,   Reports  on  the  Mining  Industries  of  1888. — From  the 
Government. 
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HB  EARTHQUAKE  SHOCK  OF  FEB.  10th,  1889. 


The  President  referring  to  this  occurrence  said : 

I  have  had  enquiries  made  at  various  collieries  in  the 

strict  to  ascertain  the  observations  made  by  the  workmen 

ho  were  employed  at  the  time  of  the  earthquake. 

The  following  are  the  results : — 

Pendlebury  Colliery. 

At  about  10-30  p.m.  the  colliers  on  No.  9  East  side,  Bams 
!ine  came  out  of  their  working  places  to  the  engine  brow 
id  reported  to  the  fireman  that  they  had  heard  a  very  heavy 
mbling  noise  in  the  roof  of  the  working  places.  The 
ireman  went  back  with  them  and  examined  all  the  East 
le  again  but  could  find  nothing  fresh  since  his  previous 
Lamination  at  5-30  p.m. 

Agecroft   Colliery. 

Only  one  man  noticed  anything.  He  was  in  No.  2  Pit 
id  when  he  heard  the  soimd  he  went  out  on  to  the  pony 
»ad  to  see  if  it  had  been  caused  by  a  fall  of  dirt. 

Clifton   Hall  Colliery. 

None  of  the  men,  either  on  the  surface  or  underground. 
Bard  or  saw  anything  unusual.  No  shock  was  felt  under- 
round.     No  burst  of  gas  took   place  in  any  part  of  the 

orkings. 

Pendlebury   Colliery. 

Nothing  was  noticed. 

Clifton    Moss   Colliery. 

No  one  was  in  the  mine  and  the  men  on  the  surface  did 
ot  notice  anything  unusual.  On  Monday  morning,  when 
16  mine  was  examined,  there  was  more  broken  timber, 
lore  legs  pushed  out,  and  more  falls  of  dirt  than  usual. 
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From  these  reports  there  does  not  appear  to  have  been  any 
material  disturbance  in  the  coal  measures,  although  the  places 
where  the  men  worked  are  at  various  depths,  and  there  was 
no  indication  of  the  cause  of  the  earthquake  such  as  might 
have  been  observed  by  the  men. 

A  circumstance  occurred]  at  the  time  of  the  Clifton  Hall 
explosion,  which  took  place  on  June  18th,  1886,  which  to  a 
certain  extent  may  lead  one  to  think  of  a  catise  which  may 
create  earthquakes. 

The  explosion  was  a  very  serious  one,  and  I  understand 
at  the  time  that  a  tremor  of  the  earth  took  place  in 
Broughton,  about  two  miles  to  the  east ;  and  some  persons 
considered  this  was  an  earthquake. 

I  have  thought  over  this  subject  since  then,  and  although 
I  do  not  put  this  forward  as  a  certainty,  I  think  it  is  worthy 
of  consideration  by  the  members  of  the  Society  and  those 
who  may  take  an  interest  in  such  a  subject. 

Wo  all  know  that  there  are  various  electric  conditions 
in  the  atmosphere,  and  at  times  one  part  is  over  charged 
^vith  cleotricity  and  another  part  in  the  negative.  Under 
these  circumstances,  whenever  they  come  into  contact,  there 
is  sure  to  be  a  mutual  distribution  of  electricity  until  they 
are  equal,  causing  at  the  time  of  contact  a  violent  explotion, 
creating  thimder  and  vibration. 

There  are  also  times  when  there  is  also  a  difference  in 
the  electrical  conditions  of  the  atmosphere  and  the  earth,  and 
immense  quantities  of  electricity  are  transmitted  from  the 
clouds  to  the  earth. 

I  have  twice  seen  trees  struck  with  lightning,  and  also  a 
cottage  chimney  struck  by  it — showing  an  immense  amount 
of  power. 

Under  these  circumstances  which  apply  to  the  atmosphere, 
may  it  not  be  possible  that  earthquakes  may  be  caused  by 


167 

the  various  electric  conditions  of  the  crust  of  the  earth — 

and  this  may  be  intensified  by  any  surplus  addition  from 

the  atmosphere.     I  think  it  has  often  been  noticed  that 

before    an    earthquake    the    atmosphere    seems    charged 

with  electricity.     This  was  certainly  observed  on  the  Sunday 

afternoon  of  the  10th  February,  and  it  has  been  noticed  in 

other  places  previously.     In  thinking  this  over,  I  can  quite 

imagine  that  there  might  be  a  great  difference  in  the  electric 

conditions  of  the  various  parts  of  the  crust  of  the  globe — 

^vhich  it  would  be  impossible  to  observe ;  but  if  there  is  an 

interchange  of  conditions   this   could  only  be  done  by  a 

serious  disturbance  underground,  and  thereby  causing  the 

«arth  to  tremble. 

In  cases  where  earthquakes  take  place  near  to  volcanoes, 
't^hese  may  materially  add  to  the  more  violent  results — and 
xnay  no  doubt  be  caused  by  the  extreme  difference  of 
€?lectric  conditions  of  the  earth. 


Mr.  Dickinson  said  he  recollected  when  the  explosion 
took  place  at  Clifton  Kail,  an  earthquake  was  reported  in 
the  newspapers  to  have  occurred  about  the  time  in  Scotland, 
and  that  was  referred  to  by  himself  in  the  course  of  the 
investigation ;  but  so  far  as  was  then  known  there  was  no 
evidence  of  such  a  shock  having  been  felt  so  near  as  Brough- 
ton.  One  would  like  to  know  on  what  evidence  the  shock 
at  Broughton  is  now  ascertained  to  have  taken  place. 

The  President  said  it  was  certainly  remarked  at   the 
time :  he  had  no  other  evidence. 
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Ghorlton,  Stretford,  Withington,  and  Cheshire,  would  giye 
rise  to  the  formation  of  extensive  moors  and  mosses,  richly 
clothed  with  gorse  and  heather,  etcetera. 

Red  Marls. — ^The  next  feature  in  Mr.  Sington's  section 
is  the  occurrence  of  red  and  green  marls,  extending  from 
Grosvenor  Street  to  Rosamond  Street.  Binney,  in  1841, 
traced  these  bands  in  Chepstow  Street  (4-6  feet  thick).  Again 
at  AU  Saints  (12  feet).  He  notes  their  resemblance  to 
Fuller's  earth ;  on  treating  with  hydro-chloric  acid  a  brisk 
effervescence  takes  place,  proving  the  presence  of  oarbonata 
of  lime.  Unfortunately  Mr.  Sington  could  not  obtain  th^ 
dip  of  these  beds.  Binney  says  8**  to  the  W.S.W. 
have  been  unable  to  discover  shells  in  it ;  they  are  so  mu< 
like  the  Permian  marls  that  the  temptation  lies  near 
consider  them  as  belonging  to  that  group.  In  Chorlton-on- 
Medlock,  1864,  at  the  works  of  Fryer  &  Co.,  red  marls  wit 
limestones  were  reached  at  the  depth  of  114  feet,  237  fee"  ^^^ 
thick,  while  in  the  Oxford  Street  section  they  have  bee^^cn 
found  at  26  feet.  It  will  be  observed  that  here  there  is  s-  * 
very  abrupt,  almost  perpendicular  rise  of  the  triassic  pebbL — ^^ 
beds  ;  it  may  be  that  these  red  marls  have  been  thrown  up^3> 
and  that  we  have  to  look  to  some  fault  to  accoimt  for  th^^Ss 
state  of  things,  although  the  geological  map  of  the  distric^^^ 
does  not  give  us  any  such  indication.  Binney  classed  then— ^ 
first  with  the  upper  red  marls,  but  afterwards 
them  to  the  lower  new  red  sandstone  pebble  beds.  Th< 
are  followed  by  and  pass  into  an  arenaceous  sandston_^> 
which  is  characterised  by  the  exhibition  of  calcite  growtis^^/ 
which  are  scattered  through  the  matrix  in  the  shape  ^^f 
^^gS^^f  ^  1^?6>  ^^^  often,  as  big  peas.  I  have  broog^lz^ 
you  specimens.  Meanwhile,  in  the  absence  of  turHxer 
stratigraphioal  help,  it  is  difiSlcult  to  form  a  correct  notxoD 
of  the  proper  relation  of  these  beds,  whether  we  mv0i 
consider  them  Permian  or  Triassic. 
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But  I  believe  from  what  we  see  of  the  cases  we  hare 
recently  investigated,  that  there  is  also  some  carbonic  oxide 
generated,  and  this,  we  all  know,  is  the  most  deadly  gas  with 
cirhich  we  ever  have  to  contend  in  coal  mining.  I  believe  it  is 
to  this  that  the  illness  apparent  amongst  the  miners  is  chiefly 
due.  Their  symptoms  are  consistent  with  carbonic  oxide 
poisoning,  and  have,  in  my  opinion,  been  occasioned  by 
inhaling  the  fumes.  The  Roburite  Company  state  that 
there  is  no  danger  in  the  use  of  this  explosive  except  such  as 
may  arise  from  handling  the  material,  but  I  am  strongly  of 
opinion  that  there  certainly  is  danger  in  breathing  the 
fumes,  and  that  the  men  who  use  it,  ought  to  be  warned 
against  that  danger.  They  should  not  go  into  these  fumes, 
nor  return  to  work  in  their  places  imtil  the  fimies  have  been 
cleared  away. 

There  is  another  point  which  has  suggested  itself  to  me, 
and  that  is,  whether  a  portion  of  the  di-nitrobenzene  might 
become  vapourised,  when,  for  instance,  the  explosion,  as 
sometimes  happens,  is  not  perfect.  The  inhalation  of 
this  vapour  might  give  rise  to  very  serious  disturbance  of 
the  men's  health  because  it  would  combine  with  a  certain 
constituent  of  the  blood  to  form  aniline  with  resultant 
poisonous  eflfects  which  are  well  known. 

I  have  asked  Dr.  Berry  to  attend  this  meeting  in  order 
that  he  might,  if  you  should  wish  it,  describe  to  you  the 
symptoms  he  observed  in  those  men.  That,  of  course,  he 
can  do  much  better  than  I  can. 


Dr.  J.  J.  Berkt  (of  Pendlebury)  said :  My  attention  was 
called  by  Mr.  Bramall  to  certain  men  who  had  been  using 
Roburite,  and  I  was  requested  to  examine  them,  and  they 
have  since  been  under  my  treatment.  There  were  six  cases, 
and  the  symptoms  were  more  or  less  similar  in  each  of 
them.     I  will  not  trouble  the  Society  with  the  details  of 
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€aoh  case^  which  would  be  of  more  interest  to  medical  men, 
but  will  give  briefly,  from  my  notes,  the  more  important 
symptoms  of  what  might  be  considered  as  a  typical  case. 

G.  G.  was  a  strongly  built  man  of  48  years  of  age,  who 
had  previously  enjoyed  good  health.     He  had  been  using 
Roburite  for  about  four  months.     His  first  symptoms  were 
smarting  of  the  eyes  and  face,  and  pains  beneath  the  shoulder 
blades,  and  in  the  temples  and  back  of  the  head.     These 
were  followed  by  numbness  in  the  tips  of  the  fingers  and  in 
the  toes,  shortness  of  breath,  constriction  of  the  chest,  and 
palpitation  on   slight  exertion.     These  symptoms  became 
more  pronounced,  and  after  having  used  Roburite  about 
three  months  dimness  of  sight  came  on,  with  aversion  to 
light,  motes  and  stars  dancing  before  the  eyes,  twitching  of 
the  muscles  of  the  eyeballs,  and  a  marked  diminution  of  the 
physical  strength.     The  patient  suffered  from  pains  in  the 
limbs,  griping  pains  in  the  abdomen,  nausea,  and  occasional 
vomiting.     This  was  succeeded  by  drowsiness  and  iinnatur- 
ally  prolonged  sleep.     The  patient  has  lost  about  a  stone  in 
weight.     He  is  very  ana3mic,  and  suffers  from  great  nervous 
prostration. 

There  were  other  symptoms  of  interest  chiefly  to 
medical  men.  I  may,  however,  mention  that  I  have 
examined  the  blood  of  the  men  affected  with  the  spectroscope, 
and  have  found  in  it  traces  of  carbonic  oxide. 

I  consulted  Dr.  Ross  as  to  two  of  the  most  typical  cases, 
and  on  examination  he  pronoimced  them  to  be  cases  of  car- 
bonic oxide  poisoning ;  an  opinion  in  which  Dr.  Dreschfeld 
also  concurred. 

In  my  opinion  the  primary  cause  of  the  mischief  has  been 
inhalation  of  the  fumes,  and  not  the  handling  of  the 
substance. 

With  respect  to  the  suggestion  thrown  out  by  Mr.  Bramall 
^s  to  the  effect  of  breathing  di-nitrobenaene  in  a  vaporised 
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ate,  if  such  a  thing  occurred,  the  result  would  be  that 
liline  would  be  first  formed  in  the  blood,  and  would  be 
ddised,  and  afterwards  reduced  to  form  mauve  and  magen- 
i,  which  are  deadly  poisons. 

Mr.  Stirrup  asked  if  the  symptoms  described  Lad  been 
)seryed  only  since  the  introduction  of  roburite  ? 

Dr.  Berrt  :  Only  since  the  introduction  of  roburite.  We 
jyer  met  with  such  symptoms  before.  All  these  half 
>zen  men  I  have  had  under  treatment  were  healthy  and 
rong  men  to  begin  with.  Some  of  them  1  have  known 
irsonally  for  years,  and  in  the  case  of  one  or  two  that  I 
ive  not  known  I  have  made  a  thorough  examination  as  to 
eir  physical  condition ;  and  if  they  had  been  suffering 
om  any  organic  disease  it  would  have  brought  about 
uuiges  in  the  system  which  I  should  have  marked. 

Mr.  Stirrup  said  he  had  much  pleasure  in  moving  that 
18  thanks  of  the  meeting  be  given  to  Mr.  Bramall  for 
troducing  this  subject,  and  also  to  Dr.  Berry  for  hi& 
marks  on  the  same.  It  was  a  most  important  matter  to 
mtlemen  connected  with  the  colliery  interest. 

Mr.  Dickinson  seconded  the  motion,  and  said  he  wished 
at  Mr.  Hall  had  heard  the  remarks  of  Mr.  Bramall  and 
r.  Berry,  as  he  could  have  given  them  his  experience  of  a 
Uiery  in  the  Wigan  district  where  roburite  had  been 
itensively  used.  The  whole  subject  was  of  importance, 
id  it  showed  that  there  was  no  improvement  which  was 
►t  accompanied  by  some  drawback.  This  statement  by 
e  manufacturers  that  there  was  nothing  noxious  in  the 
mes  of  roburite  was,  he  thought,  to  be  deprecated. 

Mr.  Bramall  said  :  I  would  like  to  say  Mr.  President, 
at,  I  have  not  brought  this  matter  forward  from  any 
«ire  to  condemn  the  use  of  roburite  in  mines.     In  fact,  it 
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was  only  yesterday  that  I  gave  an  order  for  a  farther  supply 
of  it ;  but  what  I  want  to  emphasise  is  this — ^that  the  state- 
ment of    the   manufacturers  that  no   noxious  fumes  are 
given  off  is  misleading,  and  should  be  received  with  caation. 
Roburito  should  only  be  used  where  there  is  good  ventilation, 
and  men  should  not  be  allowed  to  breathe  the  fumes.    The 
men  ought  not  to  be  permitted  to  return  to  work  imtil  the 
fumes  have  boon   cleared   away.     If  this  rule   is  strictly 
obsorvod,  I  think  roburite  is  a  boon  to  those  who  find  it 
noooHsary  to  uhc   explosives  in  the  working  of  collieries. 
T  have  another  reason  for  mentioning  this  matter.     It  will 
bo  in  the  recollection  of  many  of  those  present  that  when 
gun  cotton  was  brought  out  some  years  ago,  great  stress 
was  laid  upon  the  statement  that  no  noxious  fumes  were 
given   off.      Some    experiments  were  carried   out   at  the 
llalkyu    IWp   Iwevel,  I  think   in    1878,  and  after  firing 
•i>mo  shots  u  number  of  people  rushed  into  the  level  im- 
nuHlintt^ly   Ix^fon^   the   fumes   had  cleared  away,  and  the 
Twult    was  that  one  man  lost   his  life,  and  eleven  others 
•utTertnl  st^ven^lv  fn^rn  oarl>onic  oxide  poisoning.     I  trust  the 
attention  now  oalUnl  to  the  matter  may  prevent  any  similar 
iHvurnnxot^  arising  tnnu  similar  statements  now  put  forth 
with  rt>cijHvt  to  r\^burite. 

Mr.  lUKtiKKv  Fikivukr:  Can  Mr.  Bramall  tell  us 
whether  rv^burito  iKVfc?e«ss^^  adv^mtages  from  the  fact  of  its 
bwng  AauH'l^^t^  vlvx^*  UK>rv  work,  c^  is  cheaper  than  gun- 
pow^r? 

Mr.  UiKiMKii  :  WelU  I  hanily  ctur^  to  enter  into  a  di«- 
ou^«ki<i  **  ;o  the  *.lv:iura^>»  of  rv*arite.  that  is  not  my 
^AjevH  itt  Vriu^u^  ta%^  ttM^:^e^  torw^ird  u>siaT. 
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SOME  FURTHER  REMARKS  ON  THE  OXFORD 

STREET  SECTION. 

By  Mr.  Charles  Roeder. 


Mr.  Theodore  Sington  laid  before  your  Society  on  the  5th 
June,  1888  (Part  XX.,  Vol  XIX.,  page  603),  a  section 
dealing  with  the  excavations  in  Oxford  Street,  Man- 
chester, for  the  construction  of  a  sewer,  and  it  is  my 
intention,  with  your  kind  permission,  to  bring  the  subject 
again  forward,  not  for  the  purpose  of  generalising  or 
expanding  any  views  with  regard  to  the  bearing  or  the 
evidence  this  fine  section  may  afford,  but  merely  to  illustrate 
matters  a  little  further  by  means  of  a  series  of  specimens 
consisting  mainly  of  various  clays,  loams,  gravels  and  sands, 
as  obtained  from  the  shafts  at  different  points,  both  in  natural 
state  or  washed,  separated  and  repeatedly  sifted,  so  that 
you  may  be  enabled  to  obtain  a  clearer  idea  of  the  nature  and 
composition  of  the  material  which  forms  our  local  deposits. 
Would  time  allow  and  were  I  not  afraid  to  detain  you  too 
long,  I  would  have  liked  to  go  a  little  more  fully  into  the 
subject  and  give  you  an  account  of  the  microscopical  appear- 
ance of  the  sands,  as  regards  shape,  size  and  structure,  and 
also  the  percentage  and  proportion  that  exists  between  the 
sand  and  clay  of  this  boulder- clay,  and  further  the  specific 
gravities  of  its  composition,  and  any  conclusions  to  be 
derived  from  the  study  of  these  various  points ;  but  I  hope 
to  put  you  in  possession  of  such  details  at  some  later  date, 
if  agreeable,  and  restrict  myself  to-day  to  making  simply  a 
few  cursory  remarks. 

To  show  the  extent  of  the  local  drift  deposits  I  have 
brought  Binney's  old  map,  and  also  Mr.'  Sington's  sections, 
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whicli  I  coloured  to  make  its  features  more  prominent,  and 
facilitate  the  examination  of  the  specimens  placed  on  the 
table.  Of  each  formation  I  shall  say  a  few  words.  And 
first  of  all  with  regard  to  the 

Vallby   Gravels  and  Old  River  Terraces. — These 
deposits  cover  a  large  area  of  our  townships,  and  are  well 
developed  on  the  southeast  of  Manchester,  following  the 
course  of  the  bed  of  the  Modlock  and  can  be  traced  all  over 
Hulme,  resting  in  some  places  on  till  and  sometimes  direct 
on  the  trias.     Our  section  shows  the  greatest  thickness  of 
these  deposits  to  be  reached  about  Boundary  Street,  where 
they  measure  11  feet.     Sometimes  we  also  find  below  the 
gravels  beds,  blue  silt,  for  instance,  according  to  Binney, 
in  River  Street,  where  imbedded  in  it  was  discovered  a  large 
oak  tree  and  branches,  and  portions  of  pine  and  hazeL 
Similar  inclosures  I  found  two  years  ago  in  Grecian  Street, 
near  Albert  Park,  liOwer  Brought<>n,  along  with  fine  trunk» 
of  beech  and  beech  leaves,  oak,  and  innumerable  quantities  o£ 
hazel-nut,  perfectly  green  when  taken  out,  but  immediately" 
shrinking    and    turning   black   on   being  exposed   to    the 
atmosphere.     The  question  at  once  presents  itself  :  Is  there 
any  clue  to  the  age  of  these  ancient  gravels  ?     Mr.  Hull^ 
when  surveying  our  locality  in  1864,  took  great  pains  to 
discover  any  implements  in  the  older  river- terraces,  without, 
however,  being   successful.     But   since  then  various  finds 
have  been  made  in  the  immediate  neighbourhood.     I  speak 
of  the  brownish  quartzite  stone-hammer,  3in.  by  5in.,  found 
1870,  about  20  feet  below  the  surface  in  Corporation  Street, 
now  in  the  possession  of  the  Rev.  Mr.  Bums,  of  Clayton  Hall. 
In  1887  I  likewise  obtained  at  the  bottom  of   the   river 
gravels  between  Sidney  Street  and  Grosvenor  Street,  an  imple- 
ment, of  hatchet  shape,  made  of  black  ironstone,  and  also  in 
Grecian  Street,  Lower  Broughton,  from  the  gravels,  near 
which  locality  I  alsd  discovered  a  fragment  of  Roman  fresco 
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md  parts  of  a  black- ware  pottery,  a  large  scraper  of  black 
shert.  To  this  I  may  add  the  wooden  box,  formed  of  four 
upright  posts,  driven  into  a  bed  of  clay,  12  feet  below 
mbroken  gravel  in  Castlefield,  near  the  tunnel  mouth. 
Fhe  sides  and  bottom  were  closed  in  with  logs  of  wood,  and 
jiese  rudely  hewn  and  riven,  not  sawn,  and  5  to  6  inches 
qaare,  mentioned  by  Elias  Hall  in  his  '^  Introduction  to 
he  Mineral  and  Geological  Map  of  Lancashire,"  1836. 
tones,  however,  as  far  as  my  knowledge  goes,  have  hitherto 
een  looked  for  in  vain  in  the  older  gravels  of  the  Medlock, 
f ersey,  and  Irwell,  as  far  as  Manchester  is  concerned.  It 
I  not  my  desire  at  present  to  enter  further  into  speculations 
1  that  direction,  but  these  finds  seem  to  make  it  quite 
robable  that  these  old  river  borders  were  visited  by  the 
oot  of  man,  both  neo-and  palaeolithic,  and  I  hope  that 
iirther  careful  search  will  reward  us  with  additional 
orroboration  to  fortify  us  in  this  assumption.  These 
erraces  of  the  Medlock  are  now  obscured  to  our  view, 
»eing  completely  built  over.  As  it  may  perhaps  interest 
'ou  to  know  of  what  form  and  extension  these  were,  I  have 
wrought  C.  Laurent's  old  map  of  1793,  the  only  map,  I 
relieve,  we  have,  to  show  the  formation  of  the  ground 
ound  the  town.  The  terraces  are  sharply  shaded,  following 
lie  course  of  the  river.  The  specimens,  to  illustrate  the 
fravels,  were  taken  by  me  from  the  old  Roman  Castrum, 
!)ollier  Street,  oflf  Bridge  water  Street,  Deansgate,  and  consist 
>f  Koman  mortar,  the  composition  of  which  already  has 
)een  analyzed  by  Dalton.  There  is  no  mistaking  the 
material  obtained  from  this  separated  mortar.  From  the 
scattered  remnants  of  vegetation  found  in  the  silts  and 
gravels,  we  may  almost  form  a  picture  of  the  aspect  of  the 
vicinity,  covered  as  it  must  have  been  with  the  growth  of 
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oaky  beech,  hazel,  &c.,  on  the  more  elevated  ground,  while 
the    lower    levels,   stretching    away   in    the  direction    of 

10 
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Ghorlton,  Stretford,  Withington,  and  Cheshire,  would  giye 
rise  to  the  formation  of  extensive  moors  and  mosses,  richly 
clothed  with  gorse  and  heather,  etcetera. 

Red  Marls. — ^The  next  feature  in  Mr.  Sington's  section 
is  the  occurrence  of  red  and  green  marls,  extending  from 
Grosyenor  Street  to  Rosamond  Street.  Binney,  in  1841, 
traced  these  bands  in  Chepstow  Street  (4-5  feet  thick).  Again 
at  All  Saints  (12  feet).  He  notes  their  resemblance  to 
Fuller's  earth ;  on  treating  with  hydro-chloric  acid  a  brisk 
effervescence  takes  place,  proving  the  presence  of  carbonate 
of  lime.  Unfortunately  Mr.  Sington  could  not  obtain  the 
dip  of  these  beds.  Binney  says  8®  to  the  W.S.W.  I 
have  been  unable  to  discover  shells  in  it ;  they  are  so  much 
like  the  Permian  marls  that  the  temptation  lies  near  to 
consider  them  as  belonging  to  that  group.  In  Chorlton-on- 
Medlock,  1864,  at  the  works  of  Fryer  &  Co.,  red  marls  with 
limestones  were  reached  at  the  depth  of  114  feet,  237  feet 
thick,  while  in  the  Oxford  Street  section  they  have  been 
found  at  26  feet.  It  will  be  observed  that  here  there  is  a 
very  abrupt,  almost  perpendicular  rise  of  the  triassic  pebble 
beds  ;  it  may  be  that  these  red  marls  have  been  thrown  up, 
and  that  we  have  to  look  to  some  fault  to  account  for  this 
state  of  things,  although  the  geological  map  of  the  district 
does  not  give  us  any  such  indication.  Binney  classed  them 
first  with  the  upper  red  marls,  but  afterwards  relegated 
them  to  the  lower  new  red  sandstone  pebble  beds.  These 
are  followed  by  and  pass  into  an  arenaceous  sandstone, 
which  is  characterised  by  the  exhibition  of  calcite  growths, 
which  are  scattered  through  the  matrix  in  the  shape  of 
nuggets,  as  large,  very  often,  as  big  peas.  I  have  brought 
you  specimens.  Meanwhile,  in  the  absence  of  further 
stratigraphical  help,  it  is  difSlcult  to  form  a  correct  notion 
of  the  proper  relation  of  these  beds,  whether  we  most 
consider  them  Permian  or  Triassic. 
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4.  Thb  Trias. — Here  the  pebble  beds  liave  been  traced 
to  the  Lamp  Eye  Shaft.  The  thickness  is  unknown.  They 
thin  out  at  Medlock  Vale  Print  Works,  where  they  have 
been  proved  23  feet  thick  ;  in  Chorlton-on-Medlock  they  are 
stated  to  be  114  feet  thick,  and  at  Worrall's,  in  Ordsall 
Lane,  460  feet.  These  beds  consist  of  coarse-grained  red 
sandstone,  rather  soft,  with  numerous  pebbles  of  quartzite, 
homstone,  and  occasionally  granite,  and  the  surface  not 
onfrequently  decidedly  polished,  and  here  and  there  are 
found  intercalated  bands  of  marl  and  blackish  iron  incrusta- 
tions. I  have  washed  the  mass  and  you  can  examine  both 
grain  and  colour  of  its  component  elements.  It  appears 
aLmost  that  the  trias,  in  the  present  case  at  least,  must  have 
l)een  a  factor  of  little  weight  in  the  determination  and 
composition  of  the  boulder  clay.  We  find  in  the  pebble 
T)eds  in  Oxford  Street,  as  elsewhere,  a  large  nimiber  of  big 
round  and  oval  quartzite  pebbles,  but  with  all  the  attention 
I  have  given  to  the  boulder  clay  along  this  line,  I  scarcely 
remember  a  few  cases  where  I  have  come  across  the  presence 
of  any  of  these  pebbles  in  it. 

5.  The  Boulder  Clay. — The  greatest  thickness  is  reached 
at  Thomclifie  Street,  32  feet  thick,  and  dies  away  again 
fllowly  in  the  direction,  as  far  as  the  shafts  are  concerned,  of 
Fallowfield,  when  we  see  the  trias  cropping  up  within  5  to  6 
feet  from  the  surface.  The  prevailing  colour  is  here 
generally  greyish  brown,  and  when  not  laminated  and 
foliated  has  a  compact  angular  appearance,  in  consequence 
of  the  large  inter-mixture  of  stones.  Its  composition  in 
the  neighbourhood  varies  a  great  deal,  and  a  study  of 
washings  and  siftings  brings  out  many  interesting  facts.  I 
must,  however,  abstain  from  touching  this  matter;  what 
strikes  us  mostly,  on  the  first  look,  is  the  overwhelming 
percentage  of  shale,  coal,  grit,  and  sandstone  pebbles,  which 
ahnost  seem  to  make  up  the  whole  of  the  stony  part  of  the 
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boulder  clay,  which  wiU  become  quite  patent  to  yoa  from 
the  comparison  and   examination  of  the  washings  before 
yoa.     The  destruction  and  denudation  of  the  exposed  coal 
measures  must  have  been  enormous  at  the  time  our  district, 
and  Lancashire  in  general,  was  exposed  and  subject  to  the 
abrasion  caused  by  the  long  lingering  invasion  of  glaciation 
and  other  agents ;  the  larger  grains  of  sand  obtained  from 
the  boulder-clay  wash  are,  on  the  whole,  mostly  roimded, 
and  the  smaller  ones  of  a  more  subangular  nature,  which 
would  seem  to  point  out  the  source  from  whence  they  were 
derived,  viz.,  the  coal  measures  and  the  trias.     You  also 
find  amongst  them  many  rounded  black  shale  grains  of  the 
size  of  a  pin's  head.     Hull  and  many  other  geologists  in 
these  parts  have  expressed  themselves  to  the  effect  that 
these  clays  were  quite  deficient  of  marine  shells.     But  not 
only  have  I  traced  shells  in  all  the  clays,  both  coarse  and 
foliated     and     bookleaved,    of    our    neighbourhood    (viz., 
Cheetham,  Broughton,  Strangeways,  Crumpsall,  Stretford, 
Openshaw,  Clayton,  Oxford  Street,  Rusholme,  Fallowfield, 
4c.),  but  also  in  the  gravels  and  sands.     If  you  carefully 
wash  these  tills  in  fine  muslin  bags  you  are  sure  to  find  in 
the  residue,  as  a  rule,  shell  fragments.   Another  point  which 
deserves  notice  is  the  occurrence  of  Permian  boulders  in  the 
till.     I  think  we  can  have  no  better  guide  for  tracing  the 
particular  movements  of  our  local  drifts,  because  the  Permian 
area  is  pretty  well  guaged.     I  have  obtained  them  from 
George  Street,  Owens  College,  right  down  to  Fallowfield ; 
again  at  Dixon's  •  Fold,   Stoneclough,    Crumpsall,    Clayton 
Bridge,  Alkington,  Failsworth,  Heaton  Mersey,  Stockport, 
Ac. ;  to  the  west,  that  is  on  the  Cheshire  side,  they  seem  to 
break  off  and  disappear.     There  is  another  boulder  I  would 
like    to    mention,    which    is    sometimes   present,    namely, 
Ardwick  Spirorbis  limestone.     I  have  seen  and  collected  it 
in  the  clays  east  of  Ardwick,  at  Clayton,  Clayton  Bridge, 
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Opensbaw,  and  south  at  Heaton  Mersey  and  Stockport,  but 
nowhere  to  the  west  of  Manchester.  I  have  looked  for  it 
on  that  side  many  years,  and  now  and  again  along  Oxford 
Street,  but  to  no  purpose.  May  it  not  indicate  that  there 
was  a  deflection  of  movements,  brought  about  by  the 
existing  barrier  of  the  insulated  ovoid-shaped,  at  one  side 
tapering  Manchester  coalfield,  cut  off  at  the  east  by  a  long 
fault  and  surrounded  on  all  sides  by  the  Triassic  and 
Permian  strata  ?  From  the  foundation  of  Owens  College, 
in  1884,  I  took  a  large  piece  of  haematite ;  Mr.  Plant  foimd 
another  in  Lower  Broughton,  and  it  is  quite  possible  to  have 
drifted  from  the  Patricroft  outcrop,  and  creeping  down  in 
a  south-easterly  direction.  The  late  Professor  Carrol  Lewis 
stated  that  flints  in  the  till  were  only  found  south  of 
Manchester ;  however,  the  excavations  in  Oxford  Street 
have  yielded  quantities,  so  at  Rusholme,  Moss  Side,  Weaste, 
Openshaw,  Ardwick,  &c.,  for  which  and  others  I  refer  to 
my  boulder-clay  formation  collection,  presented  to  the 
Geological  Museum  at  Owens  College.  Before  I  part  from 
this  subject,  I  must  also  mention  the  occurrence  of  pseudo- 
morphs  of  the  red  marl  series  in  the  till  of  our  neighbour- 
hood, on  the  higher  levels  of  Crumpsall,  Cheetwood, 
Openshaw,  Weaste,  &c.,  and  also  at  the  lower  grounds  at 
Rusholme  and  Oxford  Street.  We  find  these  red  marls 
spread  out  on  the  west  and  north-west,  and  it  therefore  seems 
that  these  pseudomorphs  must  have  been  pushed  forward 
hither  from  such  direction.  It  may  also  account  for  the 
absence  of  the  Spirorbis  limestone  boulders  on  the  west  side 
of  Manchester.  It  is  sufficient,  for  the  present,  to  draw 
attention  to  these  points,  and  with  more  data  and  material 
on  hand  we  may  hope  to  see  more  light  thrown  in  the 
future  upon  the  history  of  the  glaciation  of  our  district, 
which,  practically,  is  scarcely  touched  and  worked  out  yet. 

I  come  now  to  speak  of  the  large  erratic  block  found 
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near  Ackers  Street.  Mr.  Kendall  and  others  have  gone 
already  so  deeply  into  the  description  of  this  boulder  that  it 
is  scarcely  necessary  to  say  any  more  about  it.  The  side 
which  faces  south  in  the  college  yard  represents  the  top  of 
it  when  discovered  in  sitii,  while  the  face  which  turns  to  the 
north  is  the  original  bottom.  Both  these  sides  are  smoothed, 
lined  and  grooved.  Top  and  bottom  surface  have  the  same 
longitudinal  glacial  lines,  while  in  addition  to  this  the  latter 
has  a  set  of  transverse  grooves,  less  distinct  and  rather  worn 
and  apparently  much  older  than  the  longitudinal  striae.  It 
seems  that  the  boulder  must  have  been  struck  originally 
right  against  the  central  part,  residting  in  its  breaking  into 
two,  and  that  which  remains  of  it  is  but  part  of  the  mass. 
The  lower  truncated  part  looks  as  if  very  roughly  handled, 
being  extremely  angular  and  irregularly  fractured.  While 
the  upper  part  runs  in  a  graceful  curve,  the  other  part 
presents  the  shape  of  a  fracture  line.  The  red  band  which 
runs  across  the  lateral  sides,  passing  over  the  apex,  is  not 
traceable  on  the  fractured  end,  and  would  apparently  confirm 
the  views  above  expressed.  Scattered  over  the  upper  surface 
are  to  be  seen  many  holes,  some  almost  circular,  and  not 
larger  than  the  size  of  a  nut,  still  filled  with  clay.  The 
smoothed  parts  are  of  a  whitish  tint,  while  the  bosses  and 
humps  incline  to  blueish  grey.  The  lower  surface  shows 
two  large  fractures  running  across,  as  if  knocked  against. 
The  anterior  and  posterior  sides,  as  already  said,  are  coated 
with  a  medial,  deep  red,  shining,  indented  iron  band,  which 
again  is  fringed  by  a  whitish  mass,  resembling  an  impressed 
paste.  No  doubt  the  whole  boidder  must  have  once  been 
covered  with  this  oxidised  envelope,  caused  by  the  influence 
of  weathering,  and  where  we  find  it  gone  it  has  probably 
been  abraded  during  and  on  its  checkered  voyage  from  its 
original  home,  borne  either  by  ice-sheet  or  iceberg,  till  it 
was  stranded  and  landed  on  the  bottom  of  Oxford  Street* 
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Its  long  axis,  whioh  ooinoides  with  the  direction  of  the 
longitadinal  strisB,  points  to  S.  37  E.,  and  the  boulder  was 
found  about  90  feet  above  sea  level,  and  when  lifted  it 
became  clear  that  its  deposition  could  not  have  been  effected 
by  dropping  from  an  iceberg,  as  the  incurvated  gravel  on 
which  it  rested  was  neither  smashed  up  nor  broken.  It  is 
more  probable  that  it  was  held  fast  and  imbedded  in  a 
melting  and  rotten  ice  sheet,  near  its  bottom,  and  gently 
carried  and  dropped.  Otherwise  we  shoidd  find  traces  of 
the  effect  of  the  fall  of  a  weight  such  as  this  boulder 
indicates.  Binney  describes  the  find  in  1848  of  another 
large  block  above  Buckley's  Sand  Delph,  CoUyhurst,  of 
millstone  grit,  about  6  tons  weight,  found  under  similar 
circumstances  as  the  one  in  Oxford  Street.  The  fine  silt 
on  which  it  rested  has  been  pressed  in  like  a  basiu,  causing 
lamination,  below  which  deposit  there  was  a  succession  of 
homogeneous  tilL 

Although  the  boulder  is  valuable  as  another  contribution 
to  the  growing  catalogue  of  erratics  occurring  in  this 
vicinity,  the  fact  of  its  having  been  found  in  Oxford  Street, 
and  secured  by  the  College  authorities,  has  given  to 
it  a  pre-eminence  and  exaggeration  quite  out  of  pro- 
portion to  its  intrinsic  importance  and  value.  It  does  not 
add  to  our  knowledge  as  regards  the  direction  of  the  ice 
movement,  no  striae  have  been  obtained  on  the  triassic  floor 
of  Oxford  Street,  and  the  long  axis  orientation  is  no  indica- 
tion deserving  any  special  accentuation,  it  may  be  merely 
accidental,  at  any  rate  it  is  no  safe  guide.  Those  who  have 
written  and  spoken  about  this  block  have  generalised  and 
treated  it  in  too  independent  a  manner,  instead  of  co-ordina- 
ting it  or  showing  the  relation  it  bears  in  connection  with 
the  other  nimierous  finds  about  Manchester.  It  is,  indeed, 
not  the  rarimma  avis  for  which  a  special  case  has  to  be 
made  out,  and  further,  it  is  quite  a  glaring  mistake  to  assert 
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that  it  has  to  be  looked  at  as  the  largest  block  or  the  most 
memorable  discovered  in  this  district.  Its  weight,  although 
estimated  between  20  and  30  tons,  is  eclipsed  by  the  fine 
grained  gritstone  (burr)  boidder,  found  1877  in  Seymour 
Grove,  Old  Tra£ford,  90  feet  above  sea  level,  in  till  20  feet 
thick,  also  scored  with  striso,  which  could  not  be  lifted,  and 
had  to  be  tunnelled  though,  its  weight  being  50  tons.  Nor 
is  the  boulder  of  Oxford  Street  without  comparison,  for  in  a 
field  near  that  street  was  found,  in  1857,  another  boulder 
weighing  almost  30  tons,  of  coarse  greenstone,  presented  by 
Mr.  James  Hudson  Beswick  to  the  Park  at  Macclesfield. 
These  interesting  blocks  are  in  reality  of  frequent  occurrence 
hereabouts,  and  we  easily  can  make  up  a  list  of  20  weighing 
from  one  ton  upwards.  Before  we  embark  into  any  profitable 
excursions,  it  is  imperative  to  map  out  the  boulders  of  our 
district,  marking  the  slightest  points  that  elucidate  and 
advance  this  question  of  glaciation.  Mr.  Strahan  of  the 
survey  gives  N.N.W.  as  the  average  direction  of  South 
Lancashire  and  Cheshire.  Mr.  Plant,  reported  1868,  the 
existence  of  distinct  striao  at  Ordsall  Clough,  namely, 
N.  40°  W.,  and  cites  those  of  Park  Hill,  Liverpool,  N.  42  W., 
Bidston  N.  30  W.,  Kirkdale  N.  15  W. 

Another  word,  in  conclusion,  with  regard  to  the  gravels, 
loamy  sands,  and  loams.  All  these — I  speak  of  the  Oxford 
Street  section,  have  yielded  shell  fragments,  and  the  gravels 
contain  many  rounded  small  Permian  and  Carboniferous  lime- 
stone, and  flint  pebbles.  Near  Ducie  Street  and  onwards  we 
obtain  a  deposit  of  loam  and  loamy  sands,  which  are  of  special 
interest  for  being  almost  wholly  composed  of  *  white  millstone 
grit  pebbles  and  brown  ironstone.  These  may  have  been 
derived  from  and  brought  hither  by  land  drainage  from  the 
easterly  highlands.  It  seems  that  from  about  Brunswick 
Street  a  large   river   valley   extended   south-east   towards 

*See  washed  speoimens. 
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Fallowfield,  where  the  trias  rises  again  to  the  surface,  and 
when  we  look  at  the  large  accumulation  of  loamy  and 
gravelly  material,  appearing  in  that  direction,  we  may» 
perhaps,  ask  ourselves  whether  there  existed  at  one  time  a 
large  water  circulation,  which  could  bring  and  sweep  down 
such  quantities  of  millstone  grit  matter,  as  we  find  in  our 
district. 


The  thanks  of  the  meeting  were  given  to  Mr.  Roeder  for 
his  communication,  on  the  motion  of  Professor  Boyd 
Dawkins,  seconded  by  Mr.  Stirrup. 


ON  THE  EFFECTS   OF  GOAF   STOWING  ON 
SUDDEN  ISSUES  OF  GAS  AND  ON  VENTILATION. 

By  Mr.  Herbert  Fletcher. 


This  paper  is  written  in  order  to  call  the  attention  of  our 
Society  to  the  fact  that  explosions  have  never  happened 
in  well  packed  and  what  are  called  steep  mines,  whose 
inclination  exceeds,  say,  one  in  six,  and  which  are  worked 
on  the  long-wall  system  without  narrow  work. 

Reasons  are  given  for  supposing  that  mines  thus  worked 
are  exceptionally  safe. 

This  paper  is  also  intended  to  excite  discussion  in  the 
interests  of  our  Society,  and  I  hope  the  opinions  given  may 
be  stoutly  challenged. 

We  may  divide  sudden  issues  of  gas  into  three  classes, 
according  to  their  source  : — 

1.  "Blowers"  issuing  from  natural  fissures  in  ground 
undisturbed  by  workings — or  "gas  at  home." 

2.  Influxes  from  accumulations  in  exhausted  workings — or 
"  gas  in  lodgings." 
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3.  Yiolent  oatbonts,  as  though  from  aocamulatioiis  under 
pressure  in  cavities  above  or  below  the  mine,  formed  by  dis- 
torbance  of  neighbouring  strata  bj  the  workings — or  ^'gas 
in  prison." 

It  is  contended  that  all  three  classes  of  outbursts  may  be 
prevented.     Let  the  opposition  open  the  case. 

ArgumenU  **  Against.** 

1.  "  You  can't  stow  a  spadeful  of  rubbish  in  the  space 
from  which  you  get  a  spadeful  of  coaL"  Granted.  But 
you  can  stow  two-thirds  of  one. 

2.  "  Then  you  must  have  subsidence  of  the  undermined 
strata."  "  Ghranted.  But  it  will  be  to  only  one-third  the 
extent." 

3.  "  Then  if  the  strata  do  not  subside  all  at  once,  or  as  a 
single  bed  of  stone,  they  must  subside  one  after  another ; 
and  spaces  will  thus  be  formed  between  them  consecutively, 
which  will  be  filled  up  again  by  the  subsidences  of  the  strata 
above."  "  Certainly,  only  that  the  less  the  first  settlement, 
the  less  will  be  those  which  follow." 

4.  "  These  spaces  cannot  be  ventilated ;  are  therefore  almost 
certain  to  be  filled  with  gas;  each  consecutive  subsidence  is 
likely  to  put  momentary  pressure  on  this  gas,  and  tend  to 
force  it  downwards  towards  the  working  places  of  the  mine ; 
and  the  quantities  of  gas  thus  disturbed  cannot  be  ascertained 
or  exact  provision  made  for  them."  "  Granted  again ;  but 
bearing  in  mind  that  the  danger  is  one  of  degree  only  or 
scale." 

5.  "  You  are  thus  no  safer  with  the  goaf  stowing  than 
without  it,  so  far  as  sudden  issues  of  gas  from  the  goaf  are 
concerned."  "Here  we  differ  entirely."  That  does  not 
follow. 
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Clifton  explosion  in  1884,  and  together  with  that  disaster 
led  to  the  change  from  candles  to  lamps  in  the  neighbour- 
hood. The  importance  of  ventilating  the  goaf  in  the 
neighbourhood  of  the  working  places  or  of  using  lamps 
attracted  public  attention,  and  lamps  were  chosen — by  the 
masters,  it  is  only  fair  to  say,  but  not  by  the  men — and  I  do 
not  say  as  the  alternative  which  could  dispense  with  the 
apparently  more  costly  ventilation,  but  only  remark  that  the 
system  of  working  was  not  changed. 

The  change  of  system,  however,  was  in  progress  at  Lady- 
shore,  and  the  absence  of  the  dangerous  places  was  and  is 
thought  better  than  the  use  of  lamps  to  guard  against  them. 

Recent  explosions. 

As  bearing  upon  the  subject  the  main  facts  in  the  nine 
most  recent  explosions  in  the  district  are  instructive. 

These  occurred  at  Haydock  (two),  Atherton,  Unity  Brook, 
JLltham,  Clifton,  Bedford,  Hyde,  and  last  at  the  PendwU 
lit,  Wrexham.  The  system  was  in  all  of  them  that  of 
^larrow  work,  with  the  exception  of  Clifton,  where  it  was  a 
** cross"  between  that  system  and  long-wall.  In  none  of 
tihem  were  the  goaves  packed  at  all  except  at  Clifton,  and 
thesn  to  the  extent  only  of  30  per  cent.,  and  in  this  case  that 
30  per  cent,  consisted  only  of  walls  three  yards  thick, 
possessing  comparatively  slight  powers  of  resistance. 

The  ventilation  in  all  the  cases  was  insufficient  to  meet 
the  circumstances  that  arose,  and  in  five  out  of  the  nine — 
Haydock  (two),  Atherton,  Bedford,  and  Wrexham — lamps 
were  used  exclusively. 

Whether  the  above  circumstances  that  arose  were  such  as 
oonld  not  have  been  anticipated,  and  whether  provision 
against  them  was  obligatory  or  not,  were  questions  for  the 
coroner's  jury,  who  in  all  the  cases  decided  that  the 
catastrophe  was  accidental.     It  is  worthy  of  remark  that  in 
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vacuum  created  above  the  fall,  or  by  the  condensation  of  the 
watery  vapour  after  the  explosion.  And  then  such  gas  as 
may  have  been  driven  down,  will  reascend  to  the  fresh  cavity 
above  the  fall. 

The  distance  it  first  travels  towards  the  workings,  anJ — 
the  velocity  of  its  impingement  on  the  safety  gauzes,  if  its^-  - 
reaches  them,  will  depend  on  the  extent  of  the  fall,  and  oi 
the  facilities  for  the  upward  passage  of  the  gas  or  air  aloi 
the  lino  of  breakage  to  the  fresh  cavity  formed  above  the- ^  -® 
fall. 


It  was  to  such  forcing  out  of  gas  from  an  unpacked 
that  the  explosions  at  Clifton  and  Hyde  were  attributed '  b]^^^] 
the  coroner's  jury. 

Pack  walling — as  distinguished  from  goaf  filling— carrie<]E^'^ 
out  to  such  an  extent  as  is  common,  say  30  per  cent,  or 
3  yards  wall  in  every  10,  prevents  the  great  and  suddei 
falls  alluded  to  above,  and  the  sudden,  though  momentary, 
movements  of  air  and  gas  which  they  may  produce.     Foi 
instance,  a  couple  of  pack  walls  in  every  20,  each   wall 
being  3  yards  thick,  the  intervals  being  alternately  3  and  11 
yards,  as  is  common,  limit  the  width  of  the  sudden  falls,  as- 
distinguished  from  settlements,  to  the  11  yards.    The  cavity 
thus  formed,  however,  becomes  one  of  the  natural  harbours  of 
gas  to  bo  mentioned  later,  and  does  not  occur  where  the 
filling  of  the  goaf  is  complete. 

The  stronger  the  roof, — the  longer  delayed  will  be  such  fall, 
also  the  greater  may  its  extent  bo  expected  to  be,  and,  con- 
sequently, the  less  its  suddenness ;  because,  if  it  does  not 
break,  that  is,  between  the  pairs  of  pack  walls,  it  will  have 
to  crush  them — a  gradual  process.  It  is  the  suddenness 
that  constitutes  the  danger,  and  from  this,  as  also  from 
access  to  what  cavity  may  be  formed,  the  pack  saves  us 
in  proportion  to  its  solidity  and  power  of  resistance. 
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Accumulations  of  gas  under  pressure, 

4.  The  constant  and  ufiual  yield  of  gas  is  provided  for 
without  difficulty  by  constant  ventilation,  and,  if  there  are 
none  of  the  foregoing  accumulations  at  atmospheric 
pressure,  gas  is  only  to  be  feared  as  a  cause  of  explosion 
when  it  rushes  out — under  the  pressure  due  to  its  confine- 
ment in  the  strata — on  being  suddenly  released  from  some 
natural  fissure,  or  from  some  recently  formed  cavity  in  the 
roof  or  in  the  floor,  due  to  the  working  of  the  mine. 

These  are  the  outbursts,  against  which  it  is  commonly 
thought  no  eflFective  precautions — beyond  the  abolition  of 
naked  lights  and  explosives — can  be  taken. 

It  is  held  that  they  constitute  an  ever  impending  danger, 
and  to  them  most  of  the  explosions  have  been  attributed, 
both  in  this  country  and  abroad. 

"  Blowers "  from  these  natural  fissures  are  met  with  in 
narrow  work  only — never  in  wide  work — and  they  are 
always  found  to  extend  into  the  roof. 

Certain  mines  in  this  country  have  become  distinguished 
by  these  outbursts.  They  are  all  in  proximity  to  thin  un- 
worked  and  gassy  mines — either  above  them  or  below. 
They  are  all  flat  mines,  and  in  no  case  have  they  been  solidly 
packed. 

The  two  instances  of  outburst  given  in  the  Report  of  the 
last  Boyal  Commission  on  Accidents  in  Mines — at  the 
Aldwarke  Main  Colliery,  and  at  the  Orgreave  Colliery, 
Botherham — are  both  cases  of  the  bursting  up  of  gas  from 
the  floor,  along  the  face,  on  the  sudden  subsidence  of  strong 
ground  above  an  unpacked  goaf,  the  strong  ground  at 
Aldwarke  being  below  the  mine,  where  the  gas  appeared, 
and  above  the  old  workings  of  a  lower  mine,  and  occurring 
10  hours  after  the  "greatest  weight"  in  the  lower  mine  the 
manager  had  ever  known ;  and  at  Orgreave  the  subsidence 
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and  with  5d.  for  surface  wages,  we  arrive  at  the  total  wages 
cost  of  Ss.  Id. 

The  props  are  nearly  all  left  standing,  yet  the  prop- wood 
item  scarcely  exceeds  l^d.  a  ton. 

Prop-taking  abolished. 

The  danger  of  prop-taking  is  the  greatest  which  the 
pitman  encounters.  It  is  probable  that  this  practice  would 
not  be  permitted  by  any  colliery  firm  with  whom  the  men 
insured  their  own  lives  and  injuries,  as  they  do  now  with 
outside  societies,  that  have  no  control  over  the  work.  This 
insurance  of  men  with  their  own  employers  is  required  by 
law  in  Germany. 

Leaving  the  props  enables  the  packing  to  be  kept  up 
nearer  than  it  otherwise  would  be  to  the  face,  as  the  props 
of  the  back  row  could  not  be  withdrawn  when  half  buried, 
let  alone  being  generally  splintered  and  bent  up  at  the  foot. 

Details  of  the  Ladyshore    Colliery  and  the  system  of  goaf- 

stoioing  there  carried  out. 

The  six  mines  worked  are  the  Black  and  White  or  Lower 
Three  Yards,  the  Gingham,  Doe,  Five  Quarters,  Trencher- 
bone,  and  Cannel. 

The  inclination  varies  from  0**  to  30®,  or  1  in  If.  The 
thickness  of  coal  varies  from  13in.  in  the  Cannel  to  6ft.  in 
the  Trencherbone,  and  the  length  of  props  to  9ft.  6in.  in  the 
Trencherbone. 

The  stalls  or  lengths  of  face  served  by  each  jig-brow  or 
gate-road,  are  50  yards  wide.  Cross-roads  are  left  at 
intervals  varying  from  50  to  150  yards,  and  there  are 
occasionally  air-ways.  These  roads  will  together  acooiint 
for  about  12  per  cent,  of  the  area  of  the  mine. 

The  inter-stratified  "dirt" — ^besides  filling  its  original 
space  after  being  broken  up  in  the  getting  of  the  coal — ^is 
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sufficient  to  stow  a  proportion  of  the  coal  space  varying 
from  4  per  cent,  in  some  parts  of  the  Trencherbone  (where 
the  coal  is  6ft.  and  the  dirt  is  Gin.  thick,  and  when  the 
"  clod  *'  on  the  coal  can  be  kept  up  by  the  props)  and  14 
per  cent,  in  the  Doe  (where  the  props  average  7ft.  4in.  and 
the  coal  is  5ft.  9in.)  to  25  per  cent,  in  the  Gingham  (props 
6ft.,  coal  4ft.) 

This  calculation  is  based  on  the  assumption  that  a  fall  of 
*'  dirt,*'  when  broken  up,  occupies  one  and  a-haK  times  the 
space  from  which  it  falls,  inasmuch  as  this  is  about  the 
proportion  existing  between  the  weight  of  a  full  coal  tub 
and  that  of  the  same  bulk  of  solid  coal. 

Thus  from  84  to  63  per  cent,  of  the  space  occupied  by  the 
coal  remains  to  be  filled  by  imported  or  foreign  material. 

Let  us  take  the  first  of  these  proportions  and  see  how  it 
squares  with  the  tubs  of  dirt  sent  in  and  the  balancing 
power. 

The  coal  breaks  up,  as  was  said,  into  i  its  bulk  when 
solid — therefore  84  per  cent,  of  the  bulk  when  solid  will 
be  f  of  84  or  66  per  cent,  of  the  bulk  of  the  coal  in  tubs, 
-which  has  to  balance  the  dirt  up  hill. 

The  dirt,  however,  is  f  the  weight  of  coal  on  the  average, 
and  f  of  56  =^  84  again.  This  leaves  only  16  per  cent,  for 
balancing.  But  f  of  this  imported  material  consists  of 
cinders,  which  are  only  about  half  the  weight  of  the  "  mine 
dirt,"  so  that  the  total  weight  to  be  jigged  up  is  half 
of  i  plus  i  this  percentage  of  the  weight  of  the  descending 
coal,  or  ^  of  84  =  67  per  cent. 

The  cinders  are  thus  seen  to  relieve  the  jigging  of  84-67, 
or  17  per  cent.,  where  they  form  f  the  material  "  imported," 
and  in  the  part  of  this  mine,  where  the  natural  dirt  is  in  an 
exceptionally  small  proportion. 

The  proportion  of  cinders  can  be  altered  to  suit  the 
difficulties  of  jigging,  the  extreme  being  when  nothing  but 
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floor.  The  shorter  the  beam — ^that  is,  less  the  extent  of 
floor  relieTed  of  weight — ^the  greater  must  be  the  fbioe 
required  to  lift  or  break  it. 

Effect  of  tceight  in  preventing  "  BhwersJ'* 

5.  A  change  of  system  from  "  pillar  and  stall "  to  "  long 
wall"  remoTes  the  danger  from  '' blowers,"  as  distingaished 
from  outbursts,  because  on  the  approach  of  the  wide  "face** 
to  the  fissures  in  which  the  gas  of  such  blowers  is  impri- 
soned, the  coal  is  acted  upon  by  the  approaching  weight  of 
the  roof  overhanging  the  face,  and  a  vent  is  given  to  theae 
fissures  by  the  breaks  caused  by  the  "squeeze." 

These  extend  in  advance  of  the  face,  and  through  them 
the  discharge  is  gradual,  and  such  as  may  be  dealt  with 
safely  by  a  ventilating  current  of  very  moderate  velocity — 
say  the  lowest,  which  can  be  measured  by  the  ordinary 
anemometer — one  not  exceeding  one  foot  a  second  along  the 
face,  provided,  however,  there  are  no  holes  in  the  roof  inac- 
cessible to  that  current. 

Before  such  a  current  became  dangerously  charged  with 
the  gas  ordinarily  and  silently  issuing  in  imperceptible 
quantities  from  the  coal,  the  appearance  of  a  **  cap  "  in  the 
lamps,  or  the  enlargement  of  the  flame  of  the  candles  in  the 
workings  last  traversed  by  the  air,  before  it  reaches  the  up- 
cast, would  give  warning  that  the  ventilation  was  insufficient, 
and  the  alternatives  would  present  themselves  of  a  suspen- 
sion of  work  or  an  increase  of  the  air  in  circulation. 

Timely  warning  of  danger  is  all  a  manager  requires,  and 
such  fouling  of  the  air  from  coal  "  pipers  "  cannot  be  sudden. 

We  have  heard  of  outbursts  in  longwall  workings  in  South 
Wales ;  but  it  should  be  borne  in  mind  that  the  packing 
there  is  done  under  difficulties  imposed  by  large  trams 
holding  twenty  to  thirty  cwt.,  which  cannot  be  taken  across 
the  face,  the  dirt  from  which  has  thus  to  be  twice  or  thrice 
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thrown  by  the  spade — the  mines  are  flat — rendering 
the  stowing  up  to  the  roof  difficult,  as  the  roads  are  three 
yards  wide  and  fifteen  yards  centres,  and  the  outsides  of  the 
packs  are  supported  by  chocks  of  round  timber,  two 
yards  apart.  The  area  stowed  effectively — supposing  the 
stowing  to  be  well  done,  which  is  very  doubtful — is  not  more 
than  10  in  15  or  66  per  cent.  Moreover,  these  ten  yard 
packs  with  five  yard  spaces — deducting,  that  is  a  yard  from 
the  sides  of  the  packs  for  want  of  solidity — have  probably 
far  less  resisting  power  than  the  same  material  would  have 
in  larger  masses  with  larger  spaces,  although  in  the  same 
proportion  one  to  the  other. 

Efect  on  ventilation. 

The  materials  for  goaf  stowing  are  chiefly  taken  from  the 
air-ways  of  a  mine — a  fall  in  which  comes  to  be  regarded  as 
cheaply  got  packing  dirt,  instead  of,  as  in  pillar  and  stall 
working,  in  mines  too  steep  for  tramming  to  the  face,  a 
difficulty  to  be  suffered  from,  till  a  convenient  opportunity 
occurs  for  its  removal. 

1.   Facilitates  the  removal  of /alls  in  the  air- ways. 

This  delay  need  not  occur  even  in  steep  mines  when  the 
working  places  are  all  provided  with  the  apparatus  for 
transporting  the  fallen  dirt  to  the  face  for  stowage  in  the 
goaf. 

The  use  of  this  apparatus,  known  as  a  spur.-wheel  jig,  is 
essential  to  the  Ladyshore  system. 

Th0  effect  of  enlarging  an  air-way  is  to  reduce  the 
resistance  to  the  passage  of  the  ventilating  current,  not 
merely  in  direct  proportion  to  that  enlargement,  but  as  the 
square  of  the  proportion — a  doubled  velocity  requiring  a 
four-fold  pressure  to  maintain  it — and  goaf  stowing  renders 
the  enlargement  a  source  of  economy,  as  compared  with  the 
alternative  of  procuring  the  walling  material  from  falls  in 

11 
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Naked  lights. 

Besides  effecting  a  reduction  of  the  former  cost  of  3d.  a 
ton  for  the  owner,  this  system  promises  to  confer  a  benefit 
on  the  men,  which  cannot  be  measured  by  a  money  standard, 
but  in  so  far  as  it  improves  the  actual  work  is  estimated  by 
them  variously  at  worth  from  one  to  two  shillings  a  week — 
say  from  4  to  8  per  cent,  on  an  average  weekly  wage  of  268. 
Appearances  of  safety,  supported  by  the  foregoing  considera- 
tions, induced  the  management — in  deference  to  the  wishes 
of  the  men — to  permit  a  continuance  of  the  use  of  open 
lights  after  the  general  substitution  of  lamps  in  the  neigh- 
bourhood. 

Only  the  pitmen  amongst  us  who  have  used  both  can  duly 
appreciate  the  great  store  set  on  their  candles  by  pitmen  at 
their  work. 

These  will  admit  that  lamps  worsen  the  work  in  most 
mines,  increase  the  danger  in  all  thick  ones,  and  tola  degree 
increasing  as  that  thickness  increases. 

Where  lamps  have  always  been  regarded  as  the  proper 
substitute  for  plenty  of  air,  the  objection  by  the  men  to 
their  exclusive  use  where  the  air  is  plentiful,  and  the 
conditions  on  which  that  plenty  depends  are  both  unlikely 
to  vary,  and  are  incidental  to  the  system  pursued,  is  not 
unreasonable,  and  to  those  who  perceive  force  in  the  claim 
to  safety  of  a  system  not  dependent  on  lamps,  it  may  not 
seem  unreasonable  in  a  manager  to  share  the  men's  objec- 
tions. 

It  is  neither  good  engineering  nor  good  political  economy 
to  shackle  industries. 

The  lamp  is  a  shackle  on  the  coal  getter,  that  is  scarcely 
denied  except  in  degree,  while  to  a  manager  it  gives  great 
freedom.  That  it  saves  him  the  taking  of  many  precautions, 
the  observance   of  which   would  often  interfere  with  his 
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Clifton  explosion  in  1884,  and  together  with  that  disaster 
led  to  the  change  from  candles  to  lamps  in  the  neighbour- 
hood. The  importance  of  ventilating  the  goaf  in  the 
neighbourhood  of  the  working  places  or  of  using  lamps 
attracted  public  attention,  and  lamps  were  chosen — by  the 
masters,  it  is  only  fair  to  say,  but  not  by  the  men — and  I  do 
not  say  as  the  alternative  which  could  dispense  with  the 
apparently  more  costly  ventilation,  but  only  remark  that  the 
system  of  working  was  not  changed. 

The  change  of  system,  however,  was  in  progress  at  Lady- 
shore,  and  the  absence  of  the  dangerous  places  was  and  is 
thought  better  than  the  use  of  lamps  to  guard  against  them. 

Recent  explosions. 

As  bearing  upon  the  subject  the  main  facts  in  the  nine 
most  recent  explosions  in  the  district  are  instructive. 

These  occurred  at  Haydock  (two),  Atherton,  Unity  Brook, 
Altham,  Clifton,  Bedford,  Hyde,  and  last  at  the  Pendwll 
Pit,  Wrexham.  The  system  was  in  all  of  them  that  of 
narrow  work,  with  the  exception  of  Clifton,  where  it  was  a 
"cross"  between  that  system  and  long-wall.  In  none  of 
them  were  the  goaves  packed  at  all  except  at  Clifton,  and 
then  to  the  extent  only  of  30  per  cent.,  and  in  this  case  that 
30  per  cent,  consisted  only  of  walls  three  yards  thick, 
possessing  comparatively  slight  powers  of  resistance. 

The  ventilation  in  all  the  cases  was  insufficient  to  meet 
the  circtmistances  that  arose,  and  in  five  out  of  the  nine — 
Haydock  (two),  Atherton,  Bedford,  and  Wrexham — lamps 
were  used  exclusively. 

Whether  the  above  circumstances  that  arose  were  such  as 
could  not  have  been  anticipated,  and  whether  provision 
against  them  was  obligatory  or  not,  were  questions  for  the 
coroner's  jury,  who  in  all  the  cases  decided  that  the 
catastrophe  was  accidental.     It  is  worthy  of  remark  that  in 
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TIm;  aWriioe  of  hard  building  material  at  Ladyshore 
jfrevented  the  building  of  ordinanr  pack  walls,  and  recourse 
wa«  had  about  thirteen  years  ago  to  an  experiment  in  the 
Trencherbone  mine  with  "  gobs  "  of  soft  material,  supported 
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yarying  averages  of  accident  due  to  circumstances,  and  the 
recognised  danger  of  various  practices  and  the  absence  of 
precautions  would,  just  as  in  the  case  of  ordinary  fire 
insurance,  stimulate  improvement  in  order  to  reduce  the 
rate. 

Any  deficiency  of  security  for  the  existence  of  funds  to 
meet  great  catastrophes  by  individual '  firms,  iminsured  with 
their  neighbours,  would  be  more  than  balanced  by  the 
tendency  to  prevent  those  disasters,  and  a  bankrupt  firm 
could  but  send  the  hat  round  for  their  own  relief,  as  is  now, 
and  always  has  been,  done  for  the  sufferers. 


On  the  motion  of  Mr.  J.  Dickinson,  seconded  by  Professor 
Boyd  Dawkins,  the  thanks  of  the  meeting  were  given  to 
Mr.  Fletcher  for  his  paper. 

The  President  said,  there  is  no  doubt  that  the  subject  was 
a  very  important  one.  The  long-wall  system  of  working 
mines  seemed  to  be  the  prevailing  system  in  this  country, 
modified  here  in  Lancashire ;  but  Mr.  Fletcher's  idea  of 
filling  up  the  old  places  he  thought  must  be  costly.  But  he 
has  not  given  us  the  cost  yet ;    perhaps  he  would  kindly 

do  BO. 

Mr.  Fletcher:  There  are  some  gentlemen  here — Mr. 
Saint  and  Mr.  Winstanley  I  think — who  have  seen  the 
workings  referred  to  in  the  paper,  and  I  should  very  much 
like  to  hear  their  observations,  especially  as  to  cost. 

Mr.  Saint  asked  what  Mr.  Fletcher's  object  was  in  bringing 
forward  the  paper,  was  it  to  show  that  the  practice  of  goaf 
stowing  was  new,  or  that  a  new  system  had  been  introduced 
at  Ladyshore  Colliery  ? 

Mr.  Fletcher  :  The  object  of  the  paper  was  to  get  the 
statements  and  reasoning  criticised  by  the  Society  for  the 
benefit  of  those,  who  trust  to  packing,  and  the  ventilation 
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it  induces,  rather  than  to  lamps,  and  the  system  of  working 
common  in  the  coimtry.  Also  we, — very  rash  people, — 
at  Ladyshore  wish  to  put  ourselves  right  with  the  public, 
who  regard  shyly,  an  isolated  practice,  till  it  has  been  en- 
dorsed by  experts.  The  combination  of  steepness, 
thickness,  and  complete  packing  is,  I  think,  a  new  one. 
The  old  practice  was  to  drive  levels  every  twenty  yards  and 
pillar  back  in  ten  yard  places,  building  a  three  yards'  pack 
wall,  drawing  the  props,  and  depending  for  the  building 
material  upon  what  falls  on  the  drawing  of  those  props. 
I  believe  that  to  be  a  more  dangerous  system  of  working 
than  the  present.  When  the  roof  is  strong  and  does  not 
fall,  the  packing  cannot  be  kept  up  for  want  of  material, 
and  to  blow  down  the  roof  in  order  to  get  it,  is  possible,  but 
dangerous  and  expensive.  Places  are  (thus  occasionally) 
carried  too  far  in  advance  of  the  pack,  and  become  liable  to 
fall  up  suddenly  and  to  seriously  check  the  general  venti- 
lation. Evidence  of  its  novelty  is  afforded  by  the 
exceptional  use  of  the  tackle  required  for  it.  The  empty 
tubs  bring  up  the  bulk  of  the  material  for  packing,  and  in 
order  to  get  up  a  tub  half  full  of  dirt  against  a  tub  of  coal 
going  down,  you  must  have  hand  winding  power  given  by 
spur  wheels  to  provide  against  the  occasional  loss  of  balan- 
cing power  through  over-filling  of  dirt-tubs,  imevenness  of 
road,  and  change  of  dip.  The  mines  vary  in  dip  from  flat 
to  one  in  one-and-three  quarters  to  30°. 

Mr.  Saint  :  As  I  understand  Mr.  Fletcher,  he  brings 
dirt  from  the  surface,  and  puts  it  in  the  goaf  by  maTi^ft] 
labour. 

Mr.  Fletcher  :  Yes. 

Mr.  Saint  :  I  do  not  think  there  is  any  particular  novelty 
in  taking  material  down  from  the  surface  to  put  in  goaves, 
for  I  know  several  instances  where  quarries  are  used  expressly 
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sufficient  to  stow  a  proportion  of  the  coal  space  varying 
from  4  per  cent,  in  some  parts  of  the  Trencherbone  (where 
the  coal  is  6ft.  and  the  dirt  is  Gin.  thick,  and  when  the 
"  clod  "  on  the  coal  can  be  kept  up  by  the  props)  and  14 
per  cent,  in  the  Doe  (where  the  props  average  7ft.  4in.  and 
the  coal  is  5ft.  9in.)  to  25  per  cent,  in  the  Gingham  (props 
6ft.,  coal  4ft.) 

This  calculation  is  based  on  the  assumption  that  a  fall  of 
"  dirt,"  when  broken  up,  occupies  one  and  a-half  times  the 
space  from  which  it  falls,  inasmuch  as  this  is  about  the 
proportion  existing  between  the  weight  of  a  full  coal  tub 
and  that  of  the  same  bulk  of  solid  coal. 

Thus  from  84  to  63  per  cent,  of  the  space  occupied  by  the 
coal  remains  to  be  filled  by  imported  or  foreign  material. 

Let  us  take  the  first  of  these  proportions  and  see  how  it 
squares  with  the  tubs  of  dirt  sent  in  and  the  balancing 
power. 

The  coal  breaks  up,  as  was  said,  into  f  its  bulk  when 
solid — therefore  84  per  cent,  of  the  bulk  when  solid  will 
l)e  f  of  84  or  56  per  cent,  of  the  bulk  of  the  coal  in  tubs, 
which  has  to  balance  the  dirt  up  hill. 

The  dirt,  however,  is  f  the  weight  of  coal  on  the  average, 
and  J  of  56  =  84  again.  This  leaves  only  16  per  cent,  for 
balancing.  But  i  of  this  imported  material  consists  of 
cinders,  which  are  only  about  half  the  weight  of  the  "  mine 
dirt,"  so  that  the  total  weight  to  be  jigged  up  is  half 
of  i  plus  4  this  percentage  of  the  weight  of  the  descending 
'coal,  or  i  of  84  =  67  per  cent. 

The  cinders  are  thus  seen  to  relieve  the  jigging  of  84-67, 
or  17  per  cent.,  where  they  form  f  the  material  "  imported," 
and  in  the  part  of  this  mine,  where  the  natural  dirt  is  in  an 
exceptionally  small  proportion. 

The  proportion  of  cinders  can  be  altered  to  suit  the 
difficulties  of  jigging,  the  extreme  being  when  nothing  but 


196 

Mr.  W1N8TANLET :  Is  not  a  large  portion  of  that  redno- 
tion  in  cost  due  to  the  change  from  pillar  and  stall — saying 
the  yardage  of  the  narrow  work  P 

Mr  Fletcher  :  Obviously ;  not  only  is  the  first  driving 
of  the  narrow  work  saved,  but  its  maintenance  alsoy  which 
exceeded  that  of  the  pack  roads,  and  the  prop-taking  to 
obtain  the  building  stone,  its  breaking  up,  carriage  to  and 
arrangement  in  the  pack  walls,  is  also  saved,  the  present 
work  being  nearly  all  done  by  spade. 

Mr.  WiNSTANLET  I  There  are  mines  where  this  system 
has  been  practised  for  years  and  years,  the  whole  goaf  being 
stowed  not  with  material  brought  down  from  the  surface, 
because  there  was  not  room  for  it,  but  every  ounce  of  debris 
made  in  the  mines  has  been  packed  in  the  goaves  and  in  the 
disused  roads ;  and  not  only  that,  but  hundreds  and  thou- 
sands  of  tons  have  been  brought  to  the  surface.  Iron  mines 
are  being  worked  on  the  same  system,  that  you  are  working 
now — that  is  wide  work — as  they  have  sufficient  dirt  to  pack 
the  goaves  without  taking  any  down  from  the  surface. 

Mr.  Fletcher  said  he  had  seen  something  like  the  same 
thing  in  Wales,  and  also  in  Belgium  ;  but  in  South  Wales 
the  mine  was  flat,  and  in  Belgium  it  was  thin,  and  in  both, 
the  roads  were  very  frequent — about  every  15  yards — and 
the  strength  of  the  packs,  therefore,  much  less.  All  he 
wished  to  convey  was  that  it  was  new  in  his  own  district, 
and  in  thick  and  steep  mines,  and  that  explosions  had  not 
occurred  where  it  had  been  practised. 

Mr.  Dickinson  :  I  would  like  to  say  in  discussing  this 
question  that  it  should  be  clearly  imderstood  Mr.  Fletcher 
is  dealing  with  the  thick  mines,  namely,  from  five  feet  up 
to  ten  feet  which  have  not  hitherto  been  stowed  tight,  but 
only  with  pack  walls  and  spaces  between  the  packs,  and  it 
is  the  filling  up  of  those  spaces  in  thick   seams,  as  Mr. 
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can  be  raised  to  10  tons,  but  the  destruction  of  the  brick- 
work increases  in  a  greater  ratio.  By  the  use  of  an  arch  10 
yards  long,  forming  a  combustion  chamber,  the  smoke  is 
much  reduced. 

There  are  three  downcast  pits,  9ft.  diameter,  and  one 
upcast,  12ft.  diameter. 

The  water-guage  is  ^  inch  at  the  furnace,  and  1^  inches 
at  the  pit  bottom. 

There  are  eight  main  splits  of  air,  all  separating  at  the 
pits. 

Measurement  of  the  air  taken  at  the  top  of  the  upcast 
every  15  minutes  for  seven  consecutive  days  and  nights 
shewed  an  average  volume  of  160,000  cubic  feet  a  minute, 
ranging  from  120,000  to  240,000,  the  average  temperature 
being  150°  Fahr.  at  the  top  of  the  upcast. 

Roughly  speaking,  every  degree  gives  1,000  cubic  feet  a 
minute,  and  a  record  of  the  temperature  is  now  considered  a 
fair  indicator  of  the  ventilation,  and  an  efficient  check  on 
the  work  at  the  furnace. 

The  margin  of  ventilation  is  ample,  and  a  day's  stoppage 
of  the  furnace  for  repairs  of  arching  can  be  made  any  time, 
cuid  is  not  reserved  for  the  week  end. 

A  small  furnace  burning  30  cwt.  in  12  hours  at  another 
mouthing  is  used  on  those  occasions  in  warm  weather. 

The  pit  set  of  270  men  get  500  tons  a  day,  and  the  above 
Tentilation  is  thus  666  cubic  feet  per  man,  and  360  per  ton. 

I  have  stated  the  underground  wages  in  the  hope  that 
other  members  will  give  similar  information,  so  as  to  enable 
us  to  form  an  opinion  as  to  the  economical  applicability  of 
the  system  to  all  mines — independently  of  its  bearing  on 
accidents.  The  possibility  of  such  a  separation  is  due  to  our 
system  of  insurance. 
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Beside?  edectin?  a  redaction  of  the  fonner  cost  of  3d.  a 
ton  for  the  owner,  this  system  promises  to  confer  a  benefit 
on  the  men,  which  cannot  be  measured  hy  a  money  standaid, 
bat  in  j^o  far  as  it  improves  the  actual  work  is  estimated  by 
them  variously  at  worth  from  one  to  two  shillings  a  week-^ 
say  from  4  to  8  per  cent,  on  an  average  weekly  wage  of  25^ 
Appearances  of  safety,  supported  by  the  foregoing  oonsider^^ 
tions,  induced  the  management — in  deference  to  the  wish^^ 
of  the  men — to  permit  a  continuance  of  the  use  of  o] 
lights  after  the  general  substitution  of  lamps  in  the  nei) 
bourhood. 

Only  the  pitmen  amongst  us  who  have  used  both  can  duli 
appreciate  the  great  store  set  on  their  candles  by  pitmen  a' 
their  work. 

These  will  admit  that  lamps  worsen  the  work  in  mos*^-** 
mines,  increase  the  danger  in  all  thick  ones,  and  tola 
inert fiiHuiir  as  that  thickness  increases. 

W]wrf:  lamps  have  always  been  regarded  as  the  propel 
Hri}>stitute  for  plenty  of  air,  the  objection  by  the  men 
th';ir  exclusive  use  where  the  air  is  plentiful,  and  the 
coriditioiis  on  which  that  plentj'  depends  are  both  unlikely 
to  vary,  and  are  incidental  to  the  system  pursued,  is  not 
tinnffiHTjnaWe,  and  to  those  who  perceive  force  in  the  claim 
to  safety  of  a  system  not  dependent  on  lamps,  it  may  not 
HWjin  unrea.<4onable  in  a  manager  to  share  the  men's  objec- 
tions. 

It  is  ncitlier  good  engineering  nor  good  political  economy 
to  Khackle  industries. 

Tlie  lamp  is  a  shackle  on  the  coal  getter,  that  is  scarcely 
denied  except  in  degree,  while  to  a  manager  it  gives  great 
freedom.  That  it  saves  him  the  taking  of  many  precautions, 
tJje   observance   of  which    would  often  interfere  with  his 
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meeting  the  fluctuating  demands  of   the  market,  will  be 
generally  admitted. 

Where  less  air  is  required  for  safety,  the  less  will  b® 
spent  in  providing  it,  and  the  sanitary  condition  of  the 
mine  must  become  worse. 

The  danger  from  "  falls "  is  increased  by  any  lessening 
of  the  amount  or  handiness  of  the  means  of  detecting  the 
signs  of  those  impending,  but  to  this  the  management  is  not 
exposed,  at  least  to  any  comparative  degree. 

Is  it  to  be  wondered  at  then,  if  opinions  difier,  where 
interests  clash,  and  that  a  lamp  should  be  preferred  by 
masters  and  managers  who  may  avoid  by  its  use  the  con- 
sequences of  mistakes  and  false  economies,  and  that  the  men 
should  call  for  the  best  and  handiest  light,  and,  in  order  to 
make  that  light  safe  as  against  explosion,  and  economical 
to  the  management,  either  more  inspectors,  or — a  better 
alternative — such  an  insurance  with  their  employers  against 
accidents,  instead  of  with  societies,  as  would  combine  and 
make  one  of  their  opposing  interests. 

Insurance  of  employed  with  their  employers. 

When  employers  generally — not  in  the  coal  trade  alone — 
take  over  from  the  accident  insurance  societies  their  pecuniary 
responsibility,  the  bearing  of  a  question  of  economy  on  the 
prevention  of  accidents  will  no  longer  be  distinct  from  its 
bearing  on  profits ;  but,  till  that  time  comes,  the  pressure 
of  popular  legislation  will  have  to  be  depended  upon 
for  all  that  can  be  done  in  the  way  of  making  precautions 
remunerative. 

When,  however,  that  responsibility  is  assumed  or  im- 
posed— and  it  would  be  no  hardship — ^the  prevention  of 
accidents  will  be  subjected  to  the  same  powerful  motive 
that  sets  the  industrial  and  commercial  world  in  motion, 
and  keeps  it  going. 


The  action  is  as  follows :    Wh«a  lit,    the  oil    veaad    ia    safelF 
foHtencd  in  position  hy  the  shackles  or  yokes,  and  the  ur  Bopplj- 


Fia.  1. 
entoia  the  bonnet  at  a  i>aeeage  I,  which  is  shielded  by  a  metaK- 
platc  E.      It  then  finds  itself  in  a  space  within  the  bonnet,  hu0 
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still  separated  from  the  gann.'  by  the  intenial  slkield  H,    vhich 
haa  two  apertures  oppoaite  to  I,  but  not  in  direct  line  with  it.    The 
air  reaches  the  gauze  by  thaw  apertures,  and  paaaes  through  it  iiit« 
the  iqwee  S;  from  thence  it  iiows  uudor  the  glass  bf  the  annular 


^•00  abawa,  aad  pasaea  upwards  to  the  flame  to  supply  the  combtu- 
%iaa.  The  hot  products  then  ascend,  and  flow  out  at  the  top  of  the 
%Lua  by  the  hood  into  the  upper  portion  of  the  apace  c 
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between  the  gauze  G  and  the  pillar  E  ;  then,  as  shown  by  the  arrows, 
through  apertures  in  the  shield  H  and  the  passage  J  in  the  bonnet  C, 
which  is  protected  similarly  to  the  air  inlets.  By  this  method  the 
light  from  the  flame  is  free  to  strike  upwards  with  but  little  obstruc- 
tion above,  and  although  the  air  supply  is  from  below  the  flame,  the 
gauze  is  not  placed  under  the  wick,  and  is  free  from  chance  of  clogging 
by  spilling  the  oil.  A  plontifiil  supply  of  air  thereby  enters  the 
lamp,  and  it  is  not  sensitive  to  tilting  or  movement.  The  complete 
arrangement  of  shields  and  bonnet  prevents  the  possibility  of  any 
current  of  whatever  velocity  from  impinging  directly  upon  the  gauze, 
and  thereby  renders  the  lamp  safe  in  explosive  currents. 

The  shackle  L  is  made  with  an  inclined  face  to  press  against  the 
projecting  inclined  piece  or  wedge  M,  so  that  when  closed  by  hinging 
from  B  the  portion  N  of  the  bonnet  will  be  firmly  pressed  against  the 
gauze  to  make  a  joint.  The  gauze  may  be  fastened  to  the  segmentary 
edges  of  the  box  E  in  various  ways,  but  in  any  case  it  is  exceedingly 
easily  got  at  for  inspection.  When  the  yoke  O  is  slipped  over  P,  it 
may  be  strained  up  by  screw  or  fastened  with  a  lead  rivet. 
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for  the  purpose  of  getting  material,  but  not  in  steep  mines — 
only  where  they  use  horse  power  in  drawing  tubs  running 
along  the  faces,  the  tubs  being  used  to  take  down  their 
material,  and  bring  back  coal. 

Mr.  Fletcher  :  Cinders  are  the  only  material  taken  down. 
They  are  light,  easily  moved  and  stowed,  fill  up  interstices 
well,  and  the  labour  is  paid  for  by  customers  at  a  rate  which 
is  less  than  their  cost  of  disposal.  £108  was  paid  last  year 
for  the  canal  tonnage  and  discharging  of  the  cinders. 
Material,  now  taken  to  the  working  places,  would  otherwise 
have  to  be  sent  out  of  the  pit,  and  would  there  form  heaps 
of  debris  and  become  a  nuisance,  occasionally  on  fire,  and 
always  an  eye  sore. 

Mr.  Hall  :  How  many  tons  a  day  do  you  send  down  from 
the  surface  P 

Mr.  Fletcher  :  At  present  about  100  tubs  full  a  day, 
weighing  about  7^  cwt.  each. 

In  answer  to  a  question  by  Mr.  Hall, 

Mr.  Fletcher  said  they  sent  their  own  cinders  down,  and 
those  of  such  customers  as  found  it  worth  their  while  to 
place  them  in  the  empty  coal  boats.  It  was  obviously  a 
convenience  to  many  a  coal  user  to  empty  cinders  into 
coal  boats  instead  of  sending  to  a  distant  tip.  They 
could  do  without  those  cinders,  constituting  as  they  did 
only  20  per  cent,  of  the  amoimt  of  the  imported  material. 

Mr.  Winstanley:  Will  you  give  us  the  cost  of  the 
packing? 

Mr.  Fletcher  :  I  wanted  Mr.  Winstanley  to  say  some- 
thing about  the  disadvantages  of  leaving  the  props.  I  am 
sure  it  would  have  produced  an  interesting  discussion. 

Mr.  Fletcher  then  read  a  statement  as  to  the  cost  of 
packing,  which  is  embodied  in  his  paper. 
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Mr.  W1N8TANLET :  Is  not  a  large  portion  of  that  redac- 
tion in  cost  due  to  the  change  from  pillar  and  stall — saying 
the  yardage  of  the  narrow  work  P 

Mr  Fletcher  :  Obviously ;  not  only  is  the  first  driying 
of  the  narrow  work  saved,  but  its  maintenance  also,  which 
exceeded  that  of  the  pack  roads,  and  the  prop-taking  to 
obtain  the  building  stone,  its  breaking  up,  carriage  to  and 
arrangement  in  the  pack  walls,  is  also  saved,  the  present 
work  being  nearly  all  done  by  spade. 

Mr.  WiNSTANLET :  There  are  mines  where  this  system 
has  been  practised  for  years  and  years,  the  whole  goaf  being 
stowed  not  with  material  brought  down  from  the  surface, 
because  there  was  not  room  for  it,  but  every  ounce  of  debris 
made  in  the  mines  has  been  packed  in  the  goaves  and  in  the 
disused  roads ;  and  not  only  that,  but  hundreds  and  thou- 
sands of  tons  have  been  brought  to  the  surface.  Iron  mines 
are  being  worked  on  the  same  system,  that  you  are  working 
now — that  is  wide  work — as  they  have  sufficient  dirt  to  pack 
the  goaves  without  taking  any  down  from  the  surface. 

Mr.  Fletcher  said  ho  had  seen  something  like  the  same 
thing  in  Wales,  and  also  in  Belgium  ;  but  in  South  Wales 
the  mine  was  flat,  and  in  Belgium  it  was  thin,  and  in  both, 
the  roads  were  very  frequent — about  every  15  yards — and 
the  strength  of  the  packs,  therefore,  much  less.  All  he 
wished  to  convey  was  that  it  was  new  in  his  own  district, 
and  in  thick  and  steep  mines,  and  that  explosions  had  not 
occurred  where  it  had  been  practised. 

Mr.  Dickinson  :  I  would  like  to  say  in  discussing  this 
question  that  it  should  be  clearly  understood  Mr.  Fletcher 
is  dealing  with  the  thick  mines,  namely,  from  five  feet  up 
to  ten  feet  which  have  not  hitherto  been  stowed  tight,  but 
only  with  pack  walls  and  spaces  between  the  packs,  and  it 
is  the  filling  up  of  those  spaces  in  thick   seams,  as  Mr. 
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during  the  Ribble  navigation  excavations  at  Preston,  and  it 
woidd  be  well  to  see  what  co- relation  there  exists  between  them, 
and  if  the   geological   evidence   shows  any   similarity   of 
deposition,  and  if  there  is  a  structural  relation.     Also,  if  the 
canoe  discovered  some  time  ago  near  Peel,  Isle  of  Man,  falls 
into  the  same  category.     Until  we  have  some  better  data  it 
is  a  mere  pretension  to  speak  of  Pre-Roman  with  reference 
to  the  age  of  the  canoe  in  question.     It  may  be  pre  or  post. 
Meanwhile  a  very  careful  search  may  help  us  on,  and  yield 
collateral  finds  to  fix  a  securer  basis  for  a  probable  period. 
So  far  we  have  been  less  fortunate  than  Preston  with  its 
immense  finds  of  the  former  fauna;  what  little  has  been 
discovered  on  the  canal  section  consists,  it  appears,  of  some 
antlers  from  near  Warburton.     I  have  looked  so  far  in  vain 
from  Old  TrafEord  onwards  for  any  stone-hammers,  flint 
tools,  whorls,  or  skulls  and  bones,  but,  as  a  compensation, 
found  in  the  same  silt  and  leaf-beds  at  Sticking  Island,  as 
above  mentioned,  another  article,  namely,  a  wooden  comb, 
which  I  beg  to   place  before  you   for   examination,   and 
now  proceed  to  describe.     It  is  3|in.  long,  l|in.  high,  and 
|in.  thick.    It  has  teeth  on  both  sides,  the  upper  narrow  row 
has  been,  it  seems,  destroyed  by  the  action  of  fire.  Its  indenta- 
tion is  2Jin.  long,  and  had,  when  complete,  about  55  teeth, 
the  under  row  still  bears  8,  entirely  preserved  teeth,  at  the 
origin  |in.  thick,  cut  to  a  point  and  nail-shaped ;  the  edges 
«re  not  sharp,  but  all  angles  cut  away,  each  tooth  measuring 
IJin.     The  two  ends  of  the  comb  are  curving  down,  the 
^ood  used  is  of  a  soft  nature,  and  does  not  appear  to  be 
oaken ;  the  comb  is  perfect  and  not  in  any  way  injured  with 
the  exception  of  the  upper  teeth,  which,  as  said  before,  are 
destroyed  by  fire.      Neither  is    it   sculptured,  pierced,  or 
carved,  but  quite  smooth.     Wooden  combs  are  very  rarely 
found,   most   having   perished,   as   a  consequence   of    the 
destruction    of    such    small  articles,   of  material   so 
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easily    decomposed.      Combs    of    bone    and     ivory     have 
been     now     and     then     found     in    British     and    Anglo- 
Saxon    barrows,    as    for    example     at    Barrow    Furlong, 
Northamptonshire.     The   Irish   rack   combs   are   different. 
We  have  also  the  double  comb,  mentioned  in  the  "  Inven- 
tarium  Sepulchrale/'  and  the  mane-combs,  which,  as  the 
"Shuttleworth  Account"  tells  us,  cost,  anno  1616,  4d.,  and 
a  single  curry  comb  6d.,  a  double  Is.  6d.     So  far,  then,  the 
excavations  have  brought  up  a  canoe,  a  quern,  and  a  wooden 
comb,  and  we  hope  that  our  list  may  bo  swelled  further.     I 
may,  perhaps,  be  allowed  to  add  a  word  and  a  plea  for  these 
valuable  finds.     Unfortunately  Manchester  is  deprived  of 
the  blessing  of  an  archaeological  museum,  that  is,  a  place 
specially   and   essentially   devoted   to   the   preservation  of 
historic  and  prehistoric  relics  and  monuments,  and  in  thi 
regard  stands  behind  other  towns,  much  to  our  grief.     Th 
consequence  is  that  many  prehistoric  and  historic  articles 
the  greatest  value  become  lost,  or  scattered,  or  go  away-i*^   • 
Owens  College,  as  I  know  to  my  own  cost,  treats  these  thing^^^^ 
but  iudiflferently  and  step-motherly,  and  they  appear  to  bes^^ 
admitted  on  mere  sufferance ;  tl^e  new  Museum,  so  far,  ha^^  -® 
not  made  preparation  or  granted  any  facilities  and  space  foi^"  ^^ 
such  finds,  and  it  is  time  to  ask  if  we  must  look  quietly  o 
and  let  things  Inissor  a  Her,  or  obtain  some  proper  and  prompt 
concessions  and  assign  a  permanent  home  in  the  College  o^ 
elsewlierc  for  these  relics,  illustrative  of  our  county, 
which  we  can  ill  afford  to  forego. 


n 
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A  vote  of  thanks  to  Mr.  Roeder  was  passed  on  the 
of  Mr.  De  Ranee,  seconded  by  Mr.  Stirrup. 

Dr.  Black  said  lie  had  the  pleasure  of  seeing  the  other 
day  the  canoes  found  at  Preston,  during  the  excavation  fo 
the  Preston  works.     There  were  two ;  one  was  in  a 
state  of   preservation,  the   other   somewhat  damaged. 
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For  firemen's  use  the  lamp  will  be  provided  with  a  tube 
fastened  to  the  back  of  the  shield  communicating  at  ita 
lower  end  with  the  inlet.  Another  tube  telescoping  within 
the  first  can  be  raised  above  the  top  of  the  lamp  in  trying 
for  gas  in  small  fissures.  By  turning  a  button  the  lamp 
will  receive  the  whole  or  part  of  its  air  supply  through  this 
tube  at  the  fireman's  pleasure. 

A  scale  of  percentage  values  of  flame  elongation  might  be 
added  at  the  back  of  the  glass. 

For  special  examinations  it  is  intended  to  make  the  lamp 
without  a  loose  glass,  a  trumpet  mouthed  front  with  a  bull's 
«ye  glass  of  proper  curve,  and  a  rectilinear  reflector, 
^allowing  the  whole  effective  light  of  the  lamp  to  be  concen- 
trated upon  a  limited  field. 


The  thanks  of  the  meeting  were  given  to  Mr.  HolHngworth 
<m.  the  motion  of  Mr.  Stirrup,  seconded  by  Mr.  Winslanley. 


The  annexed  drawings  will  explain  the  construction  of 
the  lamp. 

Fig.  1  is  a  vertical  section ;  Fig.  2,  a  transverse  section  upon  the 
line  AB ;  Fig.  3  is  a  plan  of  the  oil  vessel  and  attachments,  with  the 
upper  portion  of  the  lamp  removed.  A  glass  cylinder  surrounds  the 
fiame,  and  is  firmly  held  in  position  by  asbestos  washers.  The  upper 
portion  is  contracted  in  diameter,  and  is  covered  by  a  metal  hood,  which 
forms  part  of  a  segmental  piLlar  or  box  £,  cast  in  one  with  the  base 
portion  F,  or  attached  to  it  in  any  other  substantial  manner.  This 
base  is  fitted  tightly  against  the  oil  vessels  by  means  of  the  shackle 
hinges  L  and  O,  which  are  of  special  construction,  and  jointed  in  a 
thoroughly  safe  way.  The  gauze  is  a  fiat  sheet  G,  bent  to  fit  the 
segmental  portion  (fig.  2)  of  the  box  pillar  £,  and  protected  by  the 
shields  or  bonnets  C,  H,  K.  The  main  bonnet  0  hinges  at  D  to  the 
pillar  portion  £,  and  when  unhinged  the  gauze  is  open  for  inspection 
and  cleaning,  if  need  be.  The  gauze  is  forced  between  the  segmental 
sorfaoes  of  the  bonnet  and  the  pillar  £. 


The  action  is  ae  follows :    When  lit,    the  oil    veasel    is  s^f 
fastened  in  position  by  the  shackles  or  yokes,  and  the  air  sqtilf 


pUto  K. 


B  bonnet  at  a  pa^tege  .,  „^.^^ 
It  then  finds  itself  in  a  space 


Pio.  1. 

I,  which  ie  shielded  by  a  metal 
within  the  bonnet,  but 
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Victoria.  They  were  partly  remnants  washed  out  of  old 
deposits,  and  partly  objects  thrown  up  by  the  sea ;  but  they 
arrived  at  this  special  fact  that  there  again,  wherever 
Boman  remains  could  be  identified,  they  were  found  either 
on  the  surface  of  the  peat  or  in  such  situations  that  they 
appeared  to  have  fallen  through  the  peat  by  their  own 
gravity.  The  stone  implements  that  had  been  found  were  of 
Neolithic  type,  many  were  preserved  in  the  Liverpool 
Museum.  In  Wirral  the  evidence  seemed  to  be  the  same, 
that  the  main  peat  \^as  just  about  stopping  growing  at  the 
time  the  Komans  came  to  this  country.  The  stone  im- 
plements appeared  to  be  somewhat  older.  Applying  these 
facts  to  the  valley  of  the  Mersey,  it  seemed  to  him  that 
the  gravel  deposits  which  were  so  well  exposed  in 
the  deep  cuttings  of  the  Manchester  Ship  Canal, 
belonged  in  a  general  way  to  the  same  epoch  as  the 
low  level  alluvium  of  the  Ribble.  Beneath  that  were 
trees  which  probably,  in  part,  grew  in  the  situation  in 
which  they  were  found.  When  he  was  last  at  Barton,  a 
few  weeks  ago,  there  appeared  to  him  evidence  of  such 
having  been  the  case.  The  trees,  it  would  seem,  were 
unable  to  grow  through  obstruction  of  the  drainage ;  they 
rottedy  and  were  eventually  blown  down  ;  then  came  a  flood 
which  first  cleared  out  the  obstruction,  and  subsequently  left 
the  alluvial  gravels,  as  it  had  left  the  alluvial  silt  in  the  valley 
of  the  Ribble.  He  was  inclined  to  think  that  all  those  different 
connecting  links  of  evidence  told  one  and  the  same  story — 
that  was,  that  the  country  had  changed  very  little  since 
Boman  times,  and  that  immediately  before  the  Koman 
occupation  there  were  ancient  Britons,  or  some  other  ancient 
people,  using  those  very  interesting  vessels. 

Dr.  Black  said  the  canoes  he  saw  at  Preston  had 
evidently  been  carved  out  of  one  solid  block  of  wood.  They 
were  half  canoes,  square  at  the  stem,  each  apparently  being 


202 

between  the  gauze  G  and  the  pillar  E ;  then,  as  shown  by  the  arrows, 
through  apertures  in  the  shield  H  and  the  passage  J  in  the  bonnet  C, 
which  is  protected  similarly  to  the  air  inlets.  By  this  method  the 
light  from  the  flame  is  free  to  strike  upwards  with  but  little  obstruc- 
tion above,  and  although  the  air  suppl}'  is  from  below  the  flame,  the 
gauze  is  not  placed  under  the  wick,  and  is  free  from  chance  of  clogging 
by  spilling  the  oil.  A  plentiful  supply  of  air  thereby  enters  the 
lamp,  and  it  is  not  sensitive  to  tilting  or  movement.  The  complete 
arrangement  of  shields  and  bonnet  prevents  the  possibility  of  any 
current  of  whatever  velocity  from  impinging  directly  upon  the  gauze, 
and  thereby  renders  the  lamp  safe  in  explosive  currents. 

The  shackle  L  is  made  with  an  inclined  face  to  press  against  the 
projecting  inclined  piece  or  wedge  M,  so  that  when  closed  by  hinging 
from  R  the  portion  N  of  the  bonnet  will  be  flrmly  pressed  against  the 
gauze  to  make  a  joint.  The  gauze  may  be  fastened  to  the  segmentary 
edges  of  the  box  E  in  various  ways,  but  in  any  case  it  is  exceedingly 
easily  got  at  for  inspection.  When  the  yoke  0  is  slipped  over  P,  it 
may  be  strained  up  by  screw  or  fastened  with  a  lead  rivet. 
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In  answer  to  Mr.  Burrows, 

Mr.  Stirrup  said  the  canoe,  he  believed,  was  found  in 
the  same  horizon  as  the  leaf-bed.  The  comb  found  by  Mr. 
Boeder  also,  he  understood  was  from  the  same  locality. 

Mr.  Db  Rance  asked  if  it  was  correct  to  say  that  the 
leaf -bed  was  f  oimd  below  25  feet  of  gravel  ? 

Mr.  Stirrup  :  It  was  beneath  a  bed  of  sand  and  20  feet 
below  the  surface. 

Mr.  Db  Range  :  The  canoe  was  found,  according  to  the 
account  in  the  Manchester  &uardian,  in  that  peaty  bed,  with 
the  trees,  at  a  depth  of  about  24  feet  from  the  surface. 

Mr.  Stirrup  :  Yes,  I  believe  so. 

Mr.  Db  Range  :  It  is  very  remarkable  that  the  leaves 
should  be  still  green,  unless  this  particular  spot  has  been 
tlie  site  of  a  river  channel  of  more  modem  date. 

Mr.  Stirrup  :  The  leaves  not  only  retained  their 
chlorophyll,  but  were  so  little  altered  that  the  species  to 
which  they  belonged  could  be  readily  identified. 

The  Chairman  said  they  were  in  a  perfect  state  of 
preservation. 


ON    THE    USE    OF    ROBURITE    AND    OTHER 

EXPLOSIVES  IN  MINES. 

By  Mr.   William  Watts,   F.G.S. 


I  endorse  the  remarks  of  Mr.  Bramall  on  the  use  of 
roburite  as  an  explosive,  and  regret  that  I  was  not  at  the 
meeting  of  the  Society  when  his  communication  was  read. 

I  have  tried  roburite  in  tunnel  driving  for  water-works 
purposes,  and  my  experience  of  its  use  on  the  health  of  the 
men  confirms  the  observations  made  by  Mr.  Bramall. 

The  men  complain  of  paius  in  the  head,  weakness  in  the 
lower  parts  of  the  legs,  and  a  peculiar  sensation  at  the  root 
of  the  tongue. 
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The  only  part  of  the  programme  of  the  Zoologists'  Congress, 
it  seemed  to  him,  which  came  within  the  scope  of  their  Society, 
was  that  bearing  on  the  relations  existing  between  the  actual 
and  fossil  faunas.  It  was  open  to  any  member  of  the  Society, 
on  payment  of  the  subscription  mentioned  in  the  circular,  to 
attend  the  meetings  of  the  Congress,  and  take  part  in  the 
discussions. 

A  NEW  ARCH-^OLOGICAL  DISCOVERY  ON  THE 

SHIP  CANAL  AT  STICKING  ISLAND. 

By  Mr.  Charles  Boeder. 


It  was  first  my  intention  to  ofiPer  a  few  details  about  some 
sections  of  the  Ship  Canal  and  various  observations  I  have 
made  from  Throstle  Nest  point  down  to  Warburton,  but  I 
am  afraid  I  cannot  compress  my  remarks  sufficiently  to 
make  it  worth  while  to  present  them  at  this  last  moment, 
and  I,  therefore,  beg  to  place  before  you  merely  another 
discovery,  having  archaeological  interest,  which  I  made  on 
Saturday  last  while  examining  the  Barton  section. 

The  leaf-beds  rest  on  the  coarse  gravels  and  the  latter 
directly  again  on  the  floor  of  the  Trias,  which  bears  the 
most  striking  evidence  of  moraine  and  glacial  action,  in 
the  shape  of  deep  channels  and  bosses,  traceable  straight 
along  from  Mode  Wheel,  where  these  beds  break  out.  The 
leaf -beds  have  been  already  made  the  subject  of  examination 
and  discussion,  attention  being  first  drawn  to  them  by  Mr. 
Leader  Williams,  at  the  meeting  of  the  Society  at  Owen's 
College  in  January  last,  while  Mr.  Thomson  has  since  given 
a  list  of  the  plants  and  trees  which  gave  rise  to  them, 
and  subsequently  they  rose  into  further  eminence  by  the 
discovery  on  Wednesday  last  of  an  ancient  canoe,  found  in 
the  same  horizon.  It  would  be  difficult  yet  to  affix  any  age 
to  which  this  relic  of  early  civilisation  has  to  be  referred. 
Another  similar  canoe  has  been,  as  is  already  known,  found 
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during  the  Ribble  navigation  excavations  at  Preston,  and  it 
would  be  well  to  see  what  co-relation  there  exists  between  them, 
and  if  the  geological  evidence  shows  any  similarity  of 
deposition,  and  if  there  is  a  structural  relation.  Also,  if  the 
canoe  discovered  some  time  ago  near  Peel,  Isle  of  Man,  falls 
into  the  same  category.  Until  we  have  some  better  data  it 
is  a  mere  pretension  to  speak  of  Pre-Roman  with  reference 
to  the  age  of  the  canoe  in  question.  It  may  be  pre  or  post. 
Meanwhile  a  very  careful  search  may  help  us  on,  and  yield 
collateral  finds  to  fix  a  securer  basis  for  a  probable  period. 
So  far  we  have  been  less  fortunate  than  Preston  with  its 
immense  finds  of  the  former  fauna;  what  little  has  been 
cliscovered  on  the  canal  section  consists,  it  appears,  of  some 
antlers  from  near  Warburton.  I  have  looked  so  far  in  vain 
from  Old  TrafEord  onwards  for  any  stone-hammers,  flint 
tools,  whorls,  or  skulls  and  bones,  but,  as  a  compensation, 
found  in  the  same  silt  and  leaf-beds  at  Sticking  Island,  as 
above  mentioned,  another  article,  namely,  a  wooden  comb, 
which  I  beg  to  place  before  you  for  examination,  and 
now  proceed  to  describe.  It  is  3fin.  long,  l|in.  high,  and 
|in.  thick.  It  has  teeth  on  both  sides,  the  upper  narrow  row 
has  been,  it  seems,  destroyed  by  the  action  of  fire.  Its  indenta- 
tion is  2f  in.  long,  and  had,  when  complete,  about  55  teeth, 
the  under  row  still  bears  8,  entirely  preserved  teeth,  at  the 
origin  ^in.  thick,  cut  to  a  point  and  nail-shaped ;  the  edges 
are  not  sharp,  but  all  angles  cut  away,  each  tooth  measuring 
l|in.  The  two  ends  of  the  comb  are  curving  down,  the 
wood  used  is  of  a  soft  nature,  and  does  not  appear  to  be 
oaken ;  the  comb  is  perfect  and  not  in  any  way  injured  with 
the  exception  of  the  upper  teeth,  which,  as  said  before,  are 
destroyed  by  fire.  Neither  is  it  sculptured,  pierced,  or 
carved,  but  quite  smooth.  Wooden  combs  are  very  rarely 
found,  most  having  perished,  as  a  consequence  of  the 
easy   destruction    of    such    small  articles,   of  material   so 
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and  very  compact  rocks,  the  violent  explosives  doubtless 
may  be  more  suitable,  but  with  those  geological  formations 
I  have  had  no  experience  in  blasting. 

For  blasting  in  open  tunnels,  and  in  engineering  works  in 
general,  powder  will  maintain  itself  in  opposition  to  all 
other  explosives;  but  in  fiery  mines,  and  ill- ventilated 
headings,  it  cannot  be  upheld.  As  to  the  chemical  com- 
position and  mechanical  mixtures  of  the  explosives  named, 
I  must  remain  silent. 

My  object  has  been  to  deal  with  the  behaviour,  and  not^^ 
with  the  composition  of  the  compounds  named. 

I  have  already  wandered  beyond  my  expectation  at  ih^--^® 
outset  of  this  short  communication,  but  the  subject  grew  i^^S^ 
interest  as  I  proceeded,  and  I  had  a  difficulty  in  restraining  ^M=3g 
myself  from  further  remarks. 


It  required  no  little  courage  for  Mr.  Bramall  to  brin^CKiDg 
the  subject  of  roburite  before  the  Society.     Facts  cannot  fc^'^for 
long  be  withheld,  but  when  they  are  brought  before  us  hidf  by 
gentlemen  of  large  experience,  they  are  all  the  more  worthiiC-iy 
of  consideration. 


Mr.  Burrows  moved  a  vote  of  thanks  to  Mr.  Wat* 
which  was  duly  seconded  and  passed. 


Mr.  Stirrup  suggested  that  the  discussion  upon  the 
should  be  left  over  until  the  Wigan  meeting  in  May, 
which  time  the  communications  made  by  Mr.  Bramall  a- 
Dr.  Bury  in  March  would  be  printed  and  in  the  hands 
members. 

The  suggestion  was  supported  by  various  gentlemen,  a/ 
ultimately  agreed  to. 


215 

FISH    REMAINS    FROM    THE    LOWER    COAL 
MEASURES    OF    LANCASHIRE. 

By  Mr.  Herbert  Bolton. 


The  fish  remains  now  laid  before  you  have  been  obtained 
from  a  bed  of  black  shale  56  feet  in  thickaess,  which  overlies 
the  Upper  Foot,  or  Bullion  Mine  of  the  Rossendale  area.* 

The  shale  in  question  crops  at  the  surface  in  the  left  arm 
of  Oakenclough,  a  narrow  ravine  to  the  south-east  of  Bacup. 

Rimning  through  the  shale  bed  are  numerous  layers  of 
ironstone  nodules,  and  solitary  ones  also  occur.  It  is  from 
the  latter  that  the  specimens  have  been  derived,  but  a 
ntunber  of  nodules  in  the  various  rows  yielded  coprolites, 
and  certain  biconcave  disc-like  structures,  whose  nature  I 
have  been  unable  to  determine.  Unfortunately,  they  are 
very  friable  and  readily  fall  in  pieces. 

So  far  as  I  am  aware  no  fish  remains  have  been 
previously  recorded  from  this  particular  stratum  in  Rossen- 
dale, though  fish  scales  and  teeth  are  fairly  abundant  a  little 
higher  in  the  series,  namely,  in  the  shales  which  rest  upon 
the  Upper  Mountain  Mine. 

EUmicthya  Semi'Striatus  (?) — This  specimen  has  a  total 
length  of   12  inches,  its  greatest  depth  (2  inches)  being 
xcKimediately  behind  the  head. 

The  thickness  of  the  body  would  seem  to  be  considerable 

comparison  to  its  depth. 

The    extremities    of    the    body    are    strongly  deflected 

Tsally. 

The  tail  is  large,  the  tail  fin  being  deeply  cleft,  and 
kedly  heterocercal. 

The  head  forms  the  anterior  fourth  of  the  fish. 

Skull. — ^The  skull  has  been  subjected  to  a  compressing 
,  coming  partly  from  the  side  and  partly  from  below, 

•  866  Vol.  XIX.,  Part  X.,  pag6  22. 
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so  that,  as  it  lies  in  the  matrix,  only  the  lower  jaw  and  a 
slight  portion  of  the  left  side  of  the  craniam  are  Ticdble. 
The  dentaries  fd)  are  two  flattened  ill-preserved  bars  of 
bone,  2  inches  in  length,  expanded  behind  and  tapering 
anteriorly. 

Branchiostbgal  Rays  (Br,). — The  right  dentary,  an 
inch  from  its  hinder  border,  is  overlaid  by  the  last  traces 
of  the  basal  portions  of  a  series  of  narrow  rod-like 
branchiostegal  rays,  the  impressions  of  four  being  clearly 
marked.  Faint  indications  of  others  occur  behind,  and 
extend  almost  to  the  articulation  of  the  jaw. 

From  the  rod-like  character  of  the  rays  and  the  extent  of 
surface  covered  by  them,  we  may  infer  that  they  were 
fairly  numerous.  A  strongly  angulated  bone  overlies  the 
dentary  of  the  left  side,  but  no  satisfactory  determination 
can  be  made  of  it. 

Infra-clavicular  (?). — Behind  the  dentary  of  the  right 
side,  and  in  front  of  the  pectoral  fin-ray  occurs  a  triangular- 
shaped  bone,  whose  precise  nature  it  is  difficult  to  determine. 

It  occupies  the  position  we  should  assign  to  the  infra- 
clavicular, and  it  may  possibly  be  the  hind  portion  of  that 
element,  but  the  suggestion  must  carry  a  doubt  with  it. 

Paired  Fins. — These  are  represented  by  the  pectoral 
and  ventral  members  of  the  left  side. 

Pectoral. — The  pectoral  fin  is  supported  on  strong 
jointed  fin-rays,  which  split  up  and  become  filamentous  as 
their  free  extremities  are  reached.  It  is  inserted  on  a  broad 
base,  immediately  behind  the  skull. 

The  anterior  border  of  the  fin  is  strongly  convex,  the 
first  fin-ray  being  a  stout  unjointed  bar,  whose  base  is  clad 
in  fulcra,  or  small  overlapping  scales. 

Ventral. — The  ventral  fin  is  placed  at  a  distance  of 
1  inch  from  the  hind  border  of  the  pectoral,  and  whilst 
smaller  in  size  would  seem  to  be  seated  on  an  equal  base. 
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Victoria.  They  were  partly  remnants  washed  out  of  old 
deposits,  and  partly  objects  thrown  up  by  the  sea ;  but  they 
arrived  at  this  special  fact  that  there  again,  wherever 
Roman  remains  could  be  identified,  they  were  found  either 
on  the  surface  of  the  peat  or  in  such  situations  that  they 
appeared  to  have  fallen  through  the  peat  by  their  own 
gravity.  The  stone  implements  that  had  been  found  were  of 
Neolithic  type,  many  were  preserved  in  the  Liverpool 
Museum.  In  Wirral  the  evidence  seemed  to  be  the  same, 
that  the  main  peat  \^as  just  about  stopping  growing  at  the 
time  the  Romans  came  to  this  country.  The  stone  im- 
plements appeared  to  be  somewhat  older.  Applying  these 
facts  to  the  valley  of  the  Mersey,  it  seemed  to  him  that 
the  gravel  deposits  which  were  so  well  exposed  in 
the  deep  cuttings  of  the  Manchester  Ship  Canal, 
belonged  in  a  general  way  to  the  same  epoch  as  the 
low  level  alluvium  of  the  Ribble.  Beneath  that  were 
trees  which  probably,  in  part,  grew  in  the  situation  in 
which  they  were  found.  When  he  was  last  at  Barton,  a 
few  weeks  ago,  there  appeared  to  him  evidence  of  such 
taving  been  the  case.  The  trees,  it  would  seem,  were 
tmable  to  grow  through  obstruction  of  the  drainage ;  they 
rotted,  and  were  eventually  blown  down  ;  then  came  a  flood 
vhich  first  cleared  out  the  obstruction,  and  subsequently  left 
the  alluvial  gravels,  as  it  had  left  the  alluvial  silt  in  the  valley 
of  the  Ribble.  He  was  inclined  to  think  that  all  those  different 
connecting  links  of  evidence  told  one  and  the  same  story — 
that  was,  that  the  country  had  changed  very  little  since 
Roman  times,  and  that  immediately  before  the  Roman 
occupation  there  were  ancient  Britons,  or  some  other  ancient 
people,  using  those  very  interesting  vessels. 

Dr.  Black  said  the  canoes  he  saw  at  Preston  had 
eridently  been  carved  out  of  one  solid  block  of  wood.  They 
were  half  canoes,  square  at  the  stem,  each  apparently  being 
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designed  for  a  single  occupant.  At  the  bow,  or  stem,  there 
was  a  hole,  not  above  the  gunwale,  but  below  it.  It  might 
have  been  designed  either  for  mooring  the  boat  to  the  bank 
or  for  towing.  It  could  scarcely  have  been  a  provision  for 
anchorage.  This  was  a  peculiarity  ho  had  not  previously 
noticed.  In  the  same  dei)osit  were  found  very  interesting 
animal  remains — skulls  and  horns  of  cattle  and  deer,  all  in 
remarkably  fine  preservation.  These  were  to  be  seen  in  the 
museum  in  Winkley  Square,  Preston.  There  were  also 
some  human  skulls. 

Mr.  De  Raxce  said  the  human  remains  from  the  Preston 
Docks  were,  ho  believed,  in  the  silt  above,  and  were  not  so 
old  as  those  of  the  mammalia  found  in  the  gravel  below. 

Mr.  Stirrup  asked  if  Mr.  Re  Ranee  had  seen  the  leaf- 
bed,  a  sample  from  which  was  exhibited  at  the  Owens 
College  meeting  of  the  Society  by  Mr.  Leader  "Williams  P 

Mr.  De  Range  said  he  had  seen  the  peat-beds  at  the  spot, 
but  not  since  the  discovery  of  the  leaf -bed. 

Mr.  Stirrup  said  the  peat  beds  on  the  Lancashire  coast 
seemed  to  be  in  a  much  more  decomposed  state  than 'the 
leaf  bed  found  in  the  n  art  on  cutting.  Some  of  the  leaves 
were  green,  and  there  was  no  difficulty  in  establishing  their 
identity. 

Mr.  De  Range  said  the  deposit  he  saw  at  Barton  was  a 
mixture  of  leaves  and  peaty  matter,  with  twigs,  hazel 
nuts,  &c.,  in  the  condition  which  they  often  saw  in  peaty 
beds,  but  they  were  certainly  not  so  much  decomposed  as  the 
peat  beds  of  West  Lancashire.  That  was  not  to  be  expected 
when  they  were  covered  over  with  gravel. 

Mr.  Stirrup  said  he  had  not  yet  seen  the  Barton  canoe,  but 
from  the  description  and  figure  of  it  given  in  the  Manchester 
Ghiardian  it  was  of  the  type  of  most  of  those  dug-out  canoes 
which  had  been  found  under  similar  circumstances  in 
various  parts  of  the  country. 
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In  answer  to  Mr.  Burrows, 

Mr.  Stirrup  said  the  canoe,  he  believed,  was  found  in 
he  same  horizon  as  the  leaf-bed.  The  comb  foimd  by  Mr. 
loeder  also,  he  understood  was  from  the  same  locality. 

Mr.  De  Bance  asked  if  it  was  correct  to  say  that  the 
eaf-bed  was  f oimd  below  25  feet  of  gravel  ? 

Mr.  Stirrup  :  It  was  beneath  a  bed  of  sand  and  20  feet 
>elow  the  surface. 

Mr.  Db  Range  :  The  canoe  was  found,  according  to  the 
iccount  in  the  Manchester  &iuirdian,  in  that  peaty  bed,  with 
he  trees,  at  a  depth  of  about  24  feet  from  the  surface. 

Mr.  Stirrup  :  Yes,  I  believe  so. 

Mr.  De  Range  :  It  is  very  remarkable  that  the  leaves 
hould  be  still  green,  unless  this  particular  spot  has  been 
he  site  of  a  river  channel  of  more  modem  date. 

Mr.  Stirrup  :  The  leaves  not  only  retained  their 
shlorophyll,  but  were  so  little  altered  that  the  species  to 
¥hich  they  belonged  could  be  readily  identified. 

The  Chairman  said  they  were  in  a  perfect  state  of 
3reservation. 


ON    THE    USE    OF    ROBURITE    AND    OTHER 

EXPLOSIVES  IN  MINES. 

By  Mr.   William  Watts,   F.G.S. 


I  endorse  the  remarks  of  Mr.  Bramall  on  the  use  of 
roburite  as  an  explosive,  and  regret  that  I  was  not  at  the 
meeting  of  the  Society  when  his  communication  was  read. 

I  have  tried  roburite  in  tunnel  driving  for  water- works 
purposes,  and  my  experience  of  its  use  on  the  health  of  the 
tnen  confirms  the  observations  made  by  Mr.  Bramall. 

The  men  complain  of  pains  in  the  head,  weakness  in  the 
lower  parts  of  the  legs,  and  a  peculiar  sensation  at  the  root 
3f  the  tongue. 
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The  noxious  fumes  given  off  by  roburite  are  nearly  equal 
in  Tolume  to  the  fumes  given  off  by  the  explosion  of  similar 
charges  of  tonite ;  but  the  former  appear  heavier,  and 
linger  in  the  heading  for  a  longer  time.  In  wider  and 
loftier  passages  than  6ft.  X  6ft.  headings,  the  fumes, 
however,  may  dissipate  more  freely,  and  with  less  effect  on 
the  health  of  the  men. 

Where  there  is  ample  circulation  of  atmospheric  air  in 
the  workings,  more  especially  after  an  explosion,  doubtless 
roburite  may  be  used  with  impunity,  but  the  inflow  wants 
to  be  such  that  it  will  immediately  remove  the  foul  air  from 
the  working  face. 

It  is  not  strictly  correct  to  say  that  roburite  gives  off  no 
noxious  fumes  on  explosion.  They  may  not  be  perceptible 
in  experimental  trials  on  the  surface  of  the  ground,  where 
the  explosive  has  little  or  nothing  to  do,  but  in  confined 
spaces,  and  where  force  is  developed,  a  complete  haze  is 
formed  extending  some  distance  from  the  working  face. 

Some  of  the  haze  may  be  from  the  combustion  of  the 
fuze,  but  when  the  shots  are  fired  by  electricity  the  results 
are  practically  the  same.  The  more  work,  however,  a 
powerful  explosive  has  to  do  the  more  perfect  the  combus- 
tion, and  this  fact  should  not  be  lost  sight  of  in  its  use. 

In  the  workings  to  which  I  refer,  the  miners  pay  for  the 
explosives  used,  and  although  roburite  is  3d.  per  lb.  cheaper 
than  tonite,  they  will  not  again  consent  to  use  it.  Ex- 
perience teaches  an  observing  workman  what  suits  him 
best. 

The  combustion  of  roburite  appears  to  me  sensibly 
quicker  than  tonite,  and  the  reports  of  the  explosion  are,  I 
think,  sensibly  louder ;  but  the  time  is  scarcely  measurable, 
more  especially  when  the  observer  has  to  retire  for  safety 
about  80  yards  from  the  face  of  the  heading,  and  when  each 
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report  lingers    tremulously    on    the    ears    in    long    drift 
ways. 

Loud  reports  are  no  guarantee  of  effective  firing,  but 
generally  the  opposite.  Thus  in  the  oxidation  of  explosives 
the  silent  discharges  are  the  most  destructive. 

Boburite  appears  to  occupy  an  intermediate  place  between 
dynamite  and  powder.  Taking  powder  at  1*00,  roburite  is 
2*00,  tonite  2*50,  and  dynamite  4*50,  we  have  the  compara- 
tive values  of  each. 

These  values,  however,  do  not  tell  the  miner  much.  He 
learns  by  experience  the  various  uses  to  which  each  is  best 
adapted. 

Each  compound  is  suitable  for  different  kinds  of  work, 
and  the  difficulty  seems  in  making  the  selection. 

In  mining  operations  the  selection  of  the  shot  holes  is 
invariably  left  to  the  workmen,  who  seldom  consider  where 
the  lines  of  least  resistance  are  in  the  rock  being  dealt  with, 
and  the  exact  amount  of  explosive  material  necessary  to  use 
in  each  hole.  A  knowledge  of  the  ground  gives  them 
general  ideas,  but  it  so  frequently  varies  in  structure,  dip  of 
the  beds,  and  character  of  the  joints,  all  of  which  render  it 
difficult  to  determine  the  exact  amount  of  explosive  com- 
pound to  use.  Besides,  it  makes  a  difference  if  the  beds  lie 
towards  or  from  the  men,  also  whether  there  is  a  blasting 
floor  or  not. 

For  damp  and  wet  headings,  roburite  and  tonite  are 
superior  to  powder ;  but  where  the  ground  is  dry,  powder  in 
my  opinion  is  more  effective  in  execution,  and  cheaper. 

It  does  not  shatter  the  material  to  the  same  extent,  but  it 
rends  and  projects  it,  and  it  can  be  used  in  a  modified  form, 
scarcely  possible  in  violent  explosives. 

In  these  remarks  I  am  confining  my  observations  to  work 
done  in  sandstone  and  shale  rocks.     But  amongst  granite. 
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can  be  distinguished.  It  is  remarkable  as  showing  unmiB- 
takably  evidences  of  the  notochordal  axis  in  the  form  of  a 
cylindrical  structure.  The  central  portion  of  the  cylinder  is 
now  partially  filled  with  a  fine  yellowish-brown  earth. 

The  notochord  does  not  seem  to  have  been  constricted  in 
any  way,  but  to  have  had  a  fairly  uniform  diameter. 
Posteriorly  it  ends  in  a  blunt  point. 

On  one  side,  the  intcrspinous  bones  are  seen  to  have  been 
in  direct  contact  with  the  notochord. 

This  is  all  that  can  be  made  out,  the  rest  of  the  nodule 
containing  no  trace  of  fish  remains. 

Specimen  No.  5. — This  is  represented  by  an  irregular 
mass  of  small  rhomboidal  scales,  and  a  few  beautifully 
sculptured  bones. 

There  is  no  semblance  of  a  fish. 

The  scales  would  seem  to  be  very  similar  to  those  of 

» 

RhizodopaiSy  but  they  are  too  small  for  their  characters  to  be 
satisfactorily  distinguished. 

Specimen  No.  6  is  a  coprolite,  somewhat  elongated  in 
form,  and  consisting  of  a  brown  and  greyish  earthy  mass, 
in  which  occur  a  few  fish  scales.  A  few  scales  are  also 
scattered  about  in  the  stone.  It  is  a  source  of  regret  to  the 
writer  that  the  specimens  now  submitted  to  your  investiga- 
tion have  not  been  better  cleared  from  the  surroimding 
matrix,  and  also  that  they  are  so  fragmentary. 

Both  conditions  are  largely  due  to  the  fact  that  the 
occurrence  of  such  remains  in  that  particular  horizon  was 
wholly  unexpected,  and  that  the  blows  which  broke  the 
nodules  were  not  well  directed.  I  might  further  add 
that  a  very  heavy  hammer  was  used. 

In  conclusion  I  desire  to  express  my  thanks  to  Dr. 
Traquair,  F.R.S.,  for  his  kindness  in  viewing  the  specimens, 
and  also  to  A.  Smith  Woodward,  Esq.,  F.G.S.,  of  the 
Natural  History  Museum,  who  has  rendered  much  help. 
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FISH    REMAINS    FROM    THE    LOWER    COAL 
MEASURES    OF    LANCASHIRE. 

By  Mr.  Herbert  Bolton. 


The  fish  remains  now  laid  before  you  have  been  obtained 
dtroja  a  bed  of  black  shale  66  feet  in  thickaess,  which  overlies 
the  Upper  Foot,  or  Bullion  Mine  of  the  Rossendale  area.* 

The  shale  in  question  crops  at  the  surface  in  the  left  arm 
of  Oakenclough,  a  narrow  ravine  to  the  south-east  of  Bacup. 

Running  through  the  shale  bed  are  numerous  layers  of 
ironstone  nodules,  and  solitary  ones  also  occur.  It  is  from 
the  latter  that  the  specimens  have  been  derived,  but  a 
number  of  nodules  in  the  various  rows  yielded  coprolites, 
and  certain  biconcave  disc-like  structures,  whose  nature  I 
have  been  unable  to  determine.  Unfortunately,  they  are 
very  friable  and  readily  fall  in  pieces. 

So  far  as  I  am  aware  no  fish  remains  have  been 
previously  recorded  from  this  particular  stratum  in  Rossen- 
dale, though  fish  scales  and  teeth  are  fairly  abundant  a  little 
higher  in  the  series,  namely,  in  the  shales  which  rest  upon 
the  Upper  Mountain  Mine. 

Ekmicthys  Semi'Striatus  (?) — This  specimen  has  a  total 
length  of  12  inches,  its  greatest  depth  (2  inches)  being 
immediately  behind  the  head. 

The  thickness  of  the  body  would  seem  to  be  considerable 
in  comparison  to  its  depth. 

The  extremities  of  the  body  are  strongly  deflected 
dorsally. 

The  tail  is  large,  the  tail  fin  being  deeply  cleft,  and 
markedly  heterocercal. 

The  head  forms  the  anterior  fourth  of  the  fish. 

Skull. — ^The  skull  has  been  subjected  to  a  compressing 
force,  coming  partly  from  the  side  and  partly  from  below, 

•  ISee  Vol.  XIX.,  Part  X.,  page  22. 
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80  that,  as  it  lies  in  the  matrix,  only  the  lower  jaw  and  a 
slight  portion  of  the  left  side  of  the  cranium  are  visible 
The  dentaries   (d)  are  two  flattened  ill-preserved  bars  o: 
bone,  2  inches  in  length,  expanded  behind  and  taperin 
anteriorly. 

Branchiostegal  Rays  (Br.). — The  right  dentary,  an 
inch  from  its  hinder  border,  is  overlaid  by  the  last  traces 
of  the  basal  portions  of  a  series  of  narrow  rod-like 
branchiostegal  rays,  the  impressions  of  four  being  clearly 
marked.  Faint  indications  of  others  occur  behind,  and 
extend  almost  to  the  articulation  of  the  jaw. 

From  the  rod-like  character  of  the  rays  and  the  extent  of 
surface  covered  by  them,  we  may  infer  that  they  were 
fairly  numerous.  A  strongly  angulated  bone  overlies  the 
dentary  of  the  left  side,  but  no  satisfactory  determination 
can  bo  made  of  it. 

Infra-clavicular  (P). — Behind  the  dentary  of  the  right 
side,  and  in  front  of  the  pectoral  fin-ray  occurs  a  triangular- 
shaiKHl  bono,  whose  precise  nature  it  is  difficult  to  determine. 

It  oocupios  the  position  we  should  assign  to  the  infra- 
olaviouhir,  and  it  may  possibly  be  the  hind  portion  of  that 
olomont,  but  the  suggestion  must  carry  a  doubt  with  it. 

Paihro  Fins. — These  are  represented  by  the  pectoral 
and  vontral  mouibers  of  the  left  side. 

PKcnx>RAL. — The  pectoral  fin  is  supported  on  strong 
jointod  tin-rays,  which  split  up  and  become  filamentous  as 
Ihoir  friH*  oxtromities  are  reached.  It  is  inserted  on  a  broad 
biaOi  immiHliutoly  behind  the  skull. 

Tho  anterior  lH)rdor  of  the  fin  is  strongly  convex,  the 
fiftt  fin-rav  Unng  a  stout  imjointed  bar,  whose  base  is  clad 
in  fulonit  or  muall  ovorhipping  scales. 

Vkntrai..— Tho  ventnU  fin  is  placed  at  a  distance  of 
1  ImIi  fhMn  the  hind  border  of  the  pectoral,  and  whilst 

would  teem  to  be  seated  <m  an  equal  base. 
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Its  true  size  cannot  be  clearly  determined,  owing  to  the 
margin  of  the  fin  being  cut  off  by  the  edge  of  the  nodule. 
^  portion  of  the  anterior  border  is  concealed  in  the  matrix. 

Both  pectoral  and  ventral  fins  are  supported  by  strong 
jointed  rays,  which  bifurcate  repeatedly  at  their  distal 
extremities.  The  joints  are  straight,  and  divide  the  rays 
into  segments  a  little  longer  than  broad. 

Median  Fins. — The  dorsal  fin  is  for  the  greater  part 
etill  buried  in  the  matrix.  Its  extraction  will  be  a  task 
Tequiring  care. 

The  basal  portion  of  the  posterior  half  is  exposed,  and 
shows  the  fin  to  be  supported  by  jointed  fin  rays,  as  in  the 
case  of  the  paired  fins,  but  much  stouter. 

The  surface  of  attachment  of  the  dorsal  fin  is  large. 

The  hind  border  terminates  about  an  inch  and  a  half  in 
front  of  the  root  of  the  tail,  and  the  anterior  border  is 
almost  in  line  with  that  of  the  ventral  fin. 

The  anal  fin  seems  to  have  had  its  anterior  border  in  line 
with  the  hind  border  of  the  dorsal  fin,  whilst  the  space 
between  the  anal  and  ventral  fins  is  almost  double  that 
between  the  ventral  and  pectoral.  Very  little  of  the  anal 
fin  is  preserved,  a  small  fragment  of  the  free  margin  and  a 
few  basal  portions  of  fin  rays  being  all  that  can  be 
distinguished. 

The  basal  portion  of  the  fin  ray  furnishes  us  with  some 
data  respecting  the  size  of  the  fin.  Each  fin  ray  is  cut  up 
by  a  series  of  concave  joints  into  segments  a  little  broader 
than  long.  The  surface  of  each  segment  is  black,  lustrous, 
and  convex.  The  fin  ray  marked  *  illustrates  these  features 
fairly  well. 

The  fin  rays  have  twice  the  bulk  of  those  of  the  pectoral, 
and  closely  approximate  in  size  to  those  of  the  dorsal  fin. 

The  tail  fin  is  very  massive,  and  strongly  heterocercal. 
Its  dorsal  border  is  clad  in  overlapping  fulcra,  which  much 


exceed  in  size  those  of  the  paired  or  median  fins.    The  fii^- 
rays  which  supported  the  lobes  of  the  tail  are  clearly  defined  » 
and  the  border  of  the  fin  itself  stands  out  with  gresL'^ 
clearness. 

The  ventral  lobe  is  incomplete 

At  the  root  of  the  tail  occur  a  few  interspinous  bones,  thi 
largest    being    half    an    inch    in    length.     They  have 
characteristic   hour-glass  shape  and    appear    to    be    solid 
structures. 

Dr.  Traquair  speaks  of  these  interspinous  bones  as  being 
hollow/  but  I  have  been  unable  to  find  traces  of  a  central 
cavity. 

Scales. — No  scales  have  been  found  associated  with  the 
remains,  so  that  one  of  the  chief  means  of  determining  the 
species  is  wauting. 

Determination  of  Genus. — Notwithstanding  the  total 
absence  of  scales  a  careful  examination  of  the  leading 
structural  features  is  probably  sufficient  to  determine  its 
affinities.  With  the  structural  features  we  have  already 
dealt,  and  it  will  be  sufficient  if  we  now  give  a  brief  synopsis 
of  the  leading  characters  of  the  genus. 

"  Body  fusiform,  rather  deep,  tail  large,  caudal  fin  deeply 
cleft  and  inequilobate.  Dorsal  fin  well  formed,  nearly 
opposite  the  interspace  between  the  ventrals  and  the  anal 
fin.  Dorsal  and  anal  fins  large,  triangular,  and  supported 
by  numerous  closely  set  and  closely  jointed  rays.  Pectoral 
and  ventrals,  acuminate,  rays  closely  jointed,  except  in  case 
of  first  few  rays  of  the  pectoral.  The  fulcra  of  all  the  fins 
closely  set  and  minute,  with  the  exception  of  those  on  the 
upper  margin  of  the  tail  fin.  Gape  wide,  branchiostegal 
rays  many,  numbering  22  in  case  of  E.  sefnistriaius.f 

That  the  form  is  JS,  SenmtriattAS  and  not  E,  obhnguB  or 

♦  Dr.  Traquair,  Article  "PalaBoniscidaa,*'  page  60,  Vol.  XXI.,  Pftladont. 
Society  Pub. 
t  Vol.  XXI.,  Pal»ont.  See.  Pub.,  page  47,  Art.  Palwoniscidse. 
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E.  caudalis  is  diflBcult  of  proof,  it  can  only  be  suggested  on 
the  strength  of  Dr.  Traquair's  cursory  examination  of  the 
specimen,  that  gentleman  having  examined  it  and  regarded 
it  as  E.  seniisiriattis. 

Specimen  No.  2. — This  nodule  contains  a  portion  of  the 
skull  of  a  CcelacanthuSy  together  with  a  small  portion  of  the 
anterior  end  of  the  body.     The  ventral  surface  is  uppermost. 

Jugular  Plate. — The  first  feature  noted  on  examination 
is  the  presence  of  two  triangular  plates  occupying  the  whole 
of  the  space  between  the  rami  of  the  mandibles.  These 
plates  meet  in  a  median  suture,  from  which  the  hinder 
border  of  each  departs  almost  at  a  right  angle.  Anteriorly 
the  outer  edges  of  both  the  jugular  plates  slope  rapidly 
inwards,  and  in  all  probability  meet  the  median  suture  in 
a  very  acute  angle.  That  the  whole  of  the  space  between 
the  rami  of  the  mandible  was  occupied  by  the  jugular  plate 
may  be  inferred  from  the  occurrence  of  a  fragment  of  the 
right  ramus  in  close  connection  with  the  jugular  plate  of 
that  side. 

There  are  three  points  in  connection  with  the  jugular 
plates  to  which  I  desire  to  draw  your  attention,  and  to 
which  I  shall  again  allude.  First,  the  right  angle  which 
the  hind  border  of  each  makes  with  the  median  suture ; 
second,  the  acute  angle  which  each  outer  border  undoubtedly 
makes  with  the  anterior  extremity  of  the  median  suture  ; 
and,  thirdly,  the  absence  of  all  sculpture  on  the  surfaces  of 
the  plates.  The  latter  is  not  a  strong  point,  since  they  are 
but  badly  preserved. 

Frontal  Shield. — The  anterior  extremity  of  the  skull 
has  been  knocked  off  and  lost,  but  its  absence  serves  to  show 
the  impressions  made  by  two  cephalic  bones  which  met  in 
the  middle  line. 

Professor  Huxley,*  speaks   of  the  roof  of  the  skull  of 

Decade  XII.,  Memoirs  Goo.  Survey,  Orgunic  Remains. 
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*  Calacanthiu  as  being  formed  by  "  a  parieto-occipital,  and  a 
frontal  shield."  This  being  so,  I  should  presume  the  im- 
pressions to  bedue  to  the  frontal  elementsof  the  parietal  shield. 

Undetermined  Bones. — Bounding  the  sides  of  the  skull 
are  two  large  flattened  bones,  with  surfaces  wholly  destitute 
of  sculpture.  Whether  these  bones  are  part  of  the  occipital 
shield^  or  whether  they  represent  the  suspensorium,  or  even 
some  other  structure,  it  is  very  difficult  to  say. 

I  cannot  venture  to  form  an  opinion  upon  them. 

Body. — The  anterior  portion  of  the  body  shows  faint 
traces  of  finely  imbricating  scales.  Very  little  is  left  of  the 
scales  themselves,  but  from  these  remains  and  the  im- 
pressions, we  can  gather  that  they  were  thin  oycloidal 
scales,  having  sculpture  in  the  form  of  wavy  ridges. 

Dorsal  Fin. — At  the  point  where  the  body  is  broken  oft, 
on  the  right  side  of  the  fish,  is  to  be  seen  the  fragment  of  a 
stout  spine,  which  I  take  to  be  the  anterior  spine  of  the 
dorsal  fin.  At  its  base  are  to  be  seen  about  half  a  dozen 
fine  striio  which  mav,  or  mav  not,  indicate  the  former 
existence  of  fulcra. 

So  far  as  I  am  aware,  these  are  the  onlv  features  to  be 
made  out  in  the  sj)ecimen. 

The  fish  is  chiefly  interesting  as  showing  a  wide  divergence 
in  shape  of  the  jugular  plates,  as  compared  with  those  of 
C.  iepturuSy  and  allied  forms  described  by  Professor  Huxley 
in  the  Memoir  already  alluded  to.  In  all  specimens  there 
figured,  the  jugular  plates  do  not  possess  any  marked 
attenuation  anteriorly,  and  they  are  distinctly  sculptured 
with  "  delicate  undulating  ridges  which,  on  the  whole,  run 
more  or  less  parallel  with  the  outer  edge  of  the  jugular 
plate,  but  in  front  converge  towards  the  inner  edge  " 

In  regard  to  the  specimen  now  before  you,  I  have  referred 
at  length  to  the  marked  attenuation  anteriorly  of  the  jugular 
plates,  and  also  to  the  fact  that  no  evidence  of  sculpture  can 
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be  discerned.  Both  plates,  however,  possess  a  ridge  which 
runs  somewhat  parallel  to  the  outer  border.  This  can  be 
best  seen  in  the  right  jugular  plate,  where  the  ridge  is  also 
seen  to  have  a  very  slight  trend  inwards  anteriorly. 

In  the  case  of  the  jugular  plates  of  C.  lepturus,  &c.,  the 
breadth  of  the  hind  border  will  go  several  times  into  the 
length,  but  in  this  case  it  will  only  go  twice.  This  would 
indicate  a  much  shorter  and  broader  mandible  than  in  the 
case  of  C  kpturus. 

Determination  of  Genus. — The  thin  cycloidal  scales, 
with  their  traces  of  a  sculpture  made  up  of  wavy  ridges, 
and  the  presence  and  character  of  the  jugular  plates,  I  take 
to  be  sufficient  evidence  that  the  remains  are  those  of  a 
Ccelacanthus, 

What  the  species  is  I  am  imable  to  determine. 

Specimen  No.  3. — ^This  specimen,  pronounced  by  Dr. 
Traquair  to  be  a  portion  of  a  Coela^anthua,  consists  of  a 
replacement  by  iron  pyrites  of  a  series  of  overlapping  scales^ 
most  of  which  still  show  traces  of  sculpture  in  the  form  of 
ridges,  which  in  the  better  preserved  scales  run  towards  a 
raised  central  line.  The  scales  are  also  very  thin  and 
cycloidal  in  character.  From  a  careful  comparison  of  these 
scales  with  those  of  C.  kpturus,  described  and  figured  by 
Professor  Huxley,*  we  are  inclined  to  think  they  represent 
a  fish  of  that  species. 

Professor  Huxley  describes  the  scales  as  "  thin,  flat,  and 
cycloidal,  the  middle  of  the  hind  border  of  each  scale  being 
prolonged  backwards,  so  that  the  exposed  portion  of  each 
scale  is  nearly  triangular."  The  scale  sculpture  consists  of 
raised  continuous  ridges  converging  towards  a  central  line, 
a  feature  of  which  Professor  Huxley  makes  special  mention. 

Specimen  No.  4.  — This  consists  of  the  fragments  of  a  tail 
fin,  in  which  a  few  hour-glass  shaped  interspinous  bones 

Mem.  Geol.  Survey,  Dec.  XII.,  p.  16. 
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can  be  distinguished.     It  is  remarkable  as  allowing  unmiB- 
takablv  evidences  of  the  notocbordal  axis  in  the  form  of  a       |  ci* 
cylindrical  structure.     The  central  portion  of  the  cylinder  ib 
now  partially  filled  with  a  fiue  yellowish-brown  earth. 

The  notochord  does  not  seem  to  have  been  constricted  iJX 
any  way,  but  to  have  had  a  fairly  uniform  diameter* 
Posteriorly  it  ends  in  a  blunt  point. 

On  one  side,  the  interspinous  bones  are  seen  to  have  beei 
in  direct  contact  with  the  notochord. 

This  is  all  that  can  be  made  out,  the  rest  of  the  nodul^^ 
containing  no  trace  of  fish  remains. 

Specimen  No.  5. — This  is  represented  by  an  ii 
mass  of   small  rhomboidal   scales,    and   a   few   beautifully 
sculptured  bones. 

There  is  no  semblance  of  a  fish. 

The  scales  would  seem  to  be  very  similar  to  those  q9^^^ 
» 

Rhizodopais^  but  they  are  too  small  for  their  characters  to 
satisfactorily  distinguished. 

Specimen  No.  6  is  a  coprolite,  somewhat  elongated  ii 
form,  and  consisting  of  a  brown  and  greyish  earthy  mass, 
in  which  occur  a  few  fish  scales.  A  few  scales  are  also 
scattered  about  in  the  stone.  It  is  a  source  of  regret  to  the 
writer  that  the  specimens  nowr  submitted  to  your  investiga- 
tion have  not  been  better  cleared  from  the  surrounding 
matrix,  and  also  that  they  are  so  fragmentary. 

Both  conditions  are  largely  due  to  the  fact  that  the 
occurrence  of  such  remains  in  that  particular  horizon  was 
wholly  unexpected,  and  that  the  blows  which  broke  the 
nodules  were  not  well  directed.  I  might  further  add 
that  a  very  heavy  hammer  was  used. 

In  conclusion  I  desire  to  express  my  thanks  to  Dr. 
Traquair,  F.R.S.,  for  his  kindness  in  viewing  the  specimens, 
and  also  to  A.  Smith  Woodward,  Esq.,  F.G.S.,  of  the 
Natural  Histor}'  Museum,  who  has  rendered  much  help. 
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Mr.  Stirbuf  said  be  had  much  pleasure  in  moving  a  vote 
>f  thanks  to  Mr.  Bolton  for  his  paper.  Mr.  Bolton  was  a 
student  who  was  working  his  way  at  the  Normal  School  of 
^ience,  and  on  the  occasion  of  his  visits  to  Kossendale  was 
'emarkably  industrious  in  working  out  the  fauna  and  flora 
>f  the  Lower  Coal  measures  of  the  district.  He  was  at 
present  assisting  in  the  preparation  of  a  second  edition  of 
Sir.  Newbigging's  **  History  of  Rossendale."  The  geological 
portion  of  the  work  was  originally  written  by  their  former 
President  and  Member  the  late  Mr.  John  Aitken.  Mr.  Bolton 
nad,  with  Mr.  Newbigging's  permission,  undertaken  to 
revise  and  add  to  it  so  much  as  had  become  known  since  the 
time  when  Mr.  Aitken  wrote  the  geological  chapters  in  the 
earlier  edition. 

The  vote  of  thanks  was  duly  seconded  and  passed. 
Mr.  Wild  (who  was  called  upon  by  the  Chairman  as  a 
gentleman  who  had  devoted  much    attention  to   the  coal 
measure  fossils)  said  he  had  brought  a  few  specimens  for 
comparison,  thinking  Mr.  Bolton  would  be  present.     He 
legretted  that  they  had  not  the  advantage  of  his  presence. 
He  liked  the  authors  of  papers  to  be  present,  in  order  that 
iliey  might  reply  to  any  questions  that  members  might  wish 
to  put  to  them.     The  specimens  exhibited  were  not  well 
preserved,  and  the  paper  would  have  been  more  interesting 
had  the  author  given  them — as  he  expected  he  would  have 
done — a  description  of  the  different  kinds  of  fish  remains 
found   over   the   different   coal   seams   in    the    Rossendale 
district.     He  wished  to  find  out  the  exact  locality  of  the 
beds  in  which  these  remains  were  found,  and  to  compare 
them  with  the  remains  discovered  in  his  own  district.     The 
Upper  Foot  coal  was  very  prolific  in  fish  remains,  of  which 
some  fine  specimens  were  foimd  in  the  Hapten  Valley,  near 
Burnley,   by  his  friend   the  late   Mr.  Joseph  Whittaker. 
These  ultimately  came  into  possession  of  the  late  Sir  James 
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Kav-Shuttlewortb.     He  thought  it  was  highly  desirable  that 
good  sections  should  be  made,  on  a  tolerably  large  scale,  and 
eolonred,  showing  the  position  in   which  these  different 
remains  were  found.     He  fuUv  endorsed  the  vote  of  thanks 
to  Mr.  Bolton,  and  would  have  been  glad  if  they  could  har^ 
had  him  present  with  them. 

In  answer  to  a  question  by  Mr.  Stirrup, 

Mr.  Wild  said  it  was  frequently  the  case  that  separat'^ 
nodules  contained  well  preserved  fish  and  other  remain^^i 
including  gomatites  and  orfhoceratiteSy  with  fish  bones  ani 
spines,  of  many  species.     The  Upper  Foot  coal  or  "  Bullioi 
Goal"  altogether  was  a  very  interesting  seam,  and  then^^ 
were  many   seams,   he  believed,   in   Lancashire  of    cqun 
interest,  if  they  were  properly  examined  and  special  sections  -^ 
taken. 

Mr.  Dickinson  said  that  some  of  the  goniatites  founf:^^ 
were  quite  as  large  as  a  person's  hand. 

Mr.  Stirrup  said  the  Goniatites  Listeria  which  occurred  i 
some  seams,  was  very  large.  There  were  one  or  two 
in  the  Rossendale  Valley  where  the  fossils  were  found  o9^^^ 
unusual  size.  He  quite  coincided  in  Mr.  Wild's  wish  thaW-^^ 
these  fish  beds  could  be  worked  out  and  correlated  over  thc^^-^^ 
whole  of  Lancashire. 

Mr.  Wild  exhibited  a  section,  and  gave  the  meeting  somc^^  ^^ 
further  details  with  regard  to  the  fossil  remains  to  which^^^^ 
he  had  referred,  and  of  which  some  specimens  were 
round  for  examination. 

Mr.  De  Range  suggested  that  Mr.  Wild  should 
requested  by  the  Society  to  prepare  a  more  detailed  account- 
of  the  fish  and  other  remains  of  which  he  had  given  the^ 
meeting  such  valuable  information.  Mr.  Wild  had  evidently 
paid  great  attention  to  the  subject,  and  possessed  an  amount- 
of  knowledge  which  must  be  of  interest  and  value  both 
geologists  and  palaeontologists. 
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Mr.  Dickinson  said  he  had  much  pleasure  in  seconding 
the  proposal  of  Mr.  De  Ranee.  He  knew  no  one  so  well 
qualified  as  Mr.  Wild  to  give  a  history  of  the  fossil  fishes 
and  shells  of  the  Lancashire  coal  field.  He  had  a  great 
amount  of  knowledge  himself,  an4  there  were  many  good 
friends  who  would  no  doubt  help  him.  Mr.  Pickup,  who 
recently  sank  a  shaft  60  yards  below  the  Mountain  Mine  at 
Rishton,  near  Blackburn,  found  seams  which  contained 
some  beautiful  fossil  shells,  and  the  finding  of  these 
particular  shells  enabled  Mr.  Pickup  to  identify  the 
strata  at  the  end  of  his  tunnel  in  driving  through  a  large 
&tult  which,  he  had  no  doubt,  saved  him  some  hundreds  of 
pounds.  He  was  sure  Mr.  Pickup  would  be  glad  to  give 
Mr.  "Wild  particulars  with  regard  to  those  seams,  and  with 
his  own  information,  and  what  he  might  obtain  from  others, 
he  (Mr.  Wild)  might  prepare  for  the  Society  a  most  valuable 
paper. 

Mr.  Stirrup  said  he  should  be  very  glad  to  support  that 
recommendation  to  Mr.  Wild.  He  had  been  endeavouring, 
as  some  members  well  knew,  for  some  time  past  to  induce 
some  of  those  who  were  connected  with  collieries  to  really 
try  and  work  out,  bed  by  bed,  both  the  flora  and  fauna  of 
the  coal  measures  of  this  district.  Such  work  would  be  of 
great  value  not  only  to  the  palaeontologist,  but  also,  as  Mr. 
Dickinson  had  pointed  out,  from  a  practical  point  of  view. 
In  this  way  they  might  be  able  in  time  to  correlate  the  beds 
of  the  different  parts  of  the  Lancashire  coal  field.  Then 
they  might  be  able  to  carry  on  the  work  to  a  very  much 
wider  area  than  Lancashire.  It  was  a  work  that  needed 
doing.  Mr.  Wild,  he  believed,  was  an  exceptional 
authority;  he  had  large  collections  of  fossils  illustrating 
both  the  flora  and  the  fauna,  and  if  he  would  make  a  start 
he  thought  they  might  be  able  to  get  some  help  from  other 
parts  of  the  coal  field. 
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The  Chairman  said  he  had  very  much  pleasure  ix^ 
supporting  the  proposition  which  had  been  made.  Ther^^ 
was  no  doubt  that,  at  times,  a  knowledge  of  the  mines  am 
of  the  fossil  remains  in  them  would  be  of  great  assistance  U 
the  workers  of  mines,  in  passing  through  the  difEereni 
measures,  by  enabling  them  to  determine  their  position-  — 
He  had  no  doubt  if  Mr.  Wild  would  begin  the  work  otheri--  t  & 
would  follow,  and  little  by  little  they  would,  in  time,  get 
complete  knowledge  of  points  of  interest  in  regard  to  th^ 
geology  of  the  district.  One  point  was  as  to  whether  th< 
fact  of  there  being  these  large  deposits  of  fish  could  hav( 
had  an  effect  in  altering  the  quality  of  the  coal  in  different*"  -^ 
districts.  In  the  cannel  scams  a  large  amount  of  fossil  fishr""^'^ 
was  foimd,  and  it  had  often  occurred  to  him  whether  the^^  -MQ 
oil  permeating  through  the  coal  could  have  increased  its  value.. 

Mr.  Dickinson  said  it  was  well  known  that  the 
cannel  coal  had  associated  with  it  some  minute  shells ;  and-K-^<i 
the  Wigan  4ft.  coal  had  the  same;  and  it,  in  a  portion^::*^ ^^ 
of  Abram  Township,  became  cannel  coal  also.  Only  on  th^^-*==^^ 
previous  day  he  was  shown  in  a  pit  specimens  of  rock  in  whiciB:^^^^^ 
mineral  oil  had  been  found,  overlying  the  Trencherbone  coal. 

Mr  Burrows  :  How  much  oil  did  they  get  ? 

Mr.  Dickinson  :  Just  sufficient  to  get  some  samples  sent 
to  the  office. 

Mr.  Burrows:  We  got  a  bucketful  once  out  of  the  rock 
in  that  way. 

The  President  :  I  have  seen  it  flow  out  of  the  joints  in 
one  of  our  collieries,  but  not  in  any  large  quantity. 

The  proposition  of  Mr.  De  Ranee  having  been  unanimously 
carried. 

Mr.  Wild  said  he  should  have  pleasure  in  complying 
with  the  wish  of  the  meeting,  and  would  prepare  a  paper  as 
soon  as  he  conveniently  could. 

This  concluded  the  business  of  the  meeting. 
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TRANSACTIONS 

OF   THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 

PiBT  IX.  Vol..  XX.  SESooir  1888-0. 

WIGAN  MEETING. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Friday,  May  10th,  1889,  in  the  Mining  School,  Wigan. 

The  President,  Alderman  John  Knowlbs,  M.Inst.C.E., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  imani- 
mously  elected  Ordinary  Members  of  the  Society  : — 

Mr.  William  Beck,  Ellerbeck  Collieries,  near  Chorley. 

Mr.  William  Settle,  Darcy  Lever,  near  Bolton. 


EXCURSIONS. 


Mr.  M.  Stirrup,  the  Honorary  Secretary,  reminded  the 
members  that  on  the  following  day  the  visit  to  the  Barton 
Section  of  the  Manchester  Ship  Canal,  as  announced  in  the 
circular,  would  take  place. 
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He  also  took  this  opportunity  of  hiTiting  a  few  of  tb& 
members  to  take  part  in  a  Geological  Excursion  to  Green*  ^ 
Clough,  near  Todmorden,  on  the  18th  inst.,  to  meet  tl».^ 
Bacup  Natural  History  Society. 


CORRESPONDENCE. 


The  Honorary  Secretary  read  the  following  letters  wl 
had  been  received: — 

PROPOSED  LANCASHIRE  &  CHESHIRE  BOULDER  COMBilTTEE 

Dear  Sir, 

At  a  meeting  of  the  Liverpool  Greological  Society  a  Committee 
appointed  to  report  on  the  boulders  occurring  in  the  glacial 
of  Liverpool  and  district. 

This  committee,  after  full  discussion,  is  of  opinion  that  the  investi' 
gations  would  be  better  carried  out  if  extended  over  the  whole  o: 
Lancashire  and  Cheshire,  and  by  a  larger  committee,  consisting 
representatives  from  all  parts  of  the  two  counties. 

The  objects  of  such  enlarged  committee  would  be  to  examine  and 
record  the  occurrence,  nature,  and  facts  bearing  on  the  mode  of 
transport  of  erratics  in  the  glacial  deposits  of  Lancashire  and 
Cheshire. 

If  this  suggestion  meets  with  general  approval  it  is  proposed  to 
hold  a  meeting  of  all  interested  in  the  question  at  some  convenient 
centre,  at  an  early  date. 

I  should  be  pleased  to  learn,  at  your  early  convenience,  if  you 
would  be  prepared  to  assist  in  the  work,  and  also  to  receive  any 
suggestions  you  would  like  to  make  as  to  the  manner  in  which,  in 
your  opinion,  the  work  would  be  best  carried  out. 

I  am,  yours  faithfully, 

J.   LOMAS, 

Hon.  Sec.  Liverpool  Geological  Society 

Boulder  Committee. 
23,  Avondale  Road, 

Liverpool,  8th  April,  1889. 
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GEOLOGICAL  PHOTOGRAPHY. 
Sir, 

At  the  last  meeting  of  the  British  Association,  held  at  Bath,  a 
proposal  was  made  to  appoint  a  committee  to  collect  and  register 
photographs  of  localities,  sections,  and  features  of  geological  interest 
in  erery  connty  of  the  United  Kingdom.  Isolated  attempts  at  photo- 
graphic surveys  of  certain  counties  or  districts  have  already  been 
made  by  several  of  our  local  societies,  but  the  need  is  felt  to  secure 
uniformity  of  action  by  all  the  societies  interested,  and  to  arrange  for 
the  photographs  to  be  available  for  teaching,  or  other  purposes,  when 
needed.  The  proposal  was  referred  to  the  committee  of  delegates  of 
the  corresponding  societies,  who  have  issued  in  their  report  (see  Nature^ 
vol.  39,  p.  187)  a  number  of  suggestions  relating  to  the  work  of  the 
proposed  Committee  on  Geological  Photography.  Many  leading 
geologists,  not  only  of  our  country  but  also  of  America,  warmly 
supported  the  scheme.  It  was  ultimately  decided  to  defer  the 
question  of  the  appointment  of  a  committee  until  the  meeting  this 
year  at  Newcastle,  the  delegates  in  the  meantime  to  interest  their 
societies  in  the  matter,  and  endeavour  to  promote  a  harmonious 
result. 

I  desire  to  ask  the  aid  of  those  members  of  your  society  who  have 
interested  themselves  in  the  photography  of  local  geological  features — 
especially  of  typical  and  temporary  sections — in  supplying  me  with 
the  following  information : — 

(1)  A  list  of  photographs  already  taken  illustrating  different 

localities  or  sections ;  and 

(2)  The  names  of  local  societies  or  persons  who  may  bo  willing  to 

arrange  for  a  photographic  survey  for  geological  purposes 
in  their  district. 

It  is  intended  that  the  information  kindly  afforded  mo  will  be 
placed  before  the  geological  section  of  the  British  Association  at  their 
meeting  in  September  next.  If  copies  of  photographs  are  sent  me 
they  will  be  carefully  kept  to  be  exhibited  at  the  meeting.  Several 
geological  friends  have  favoured  me  with  hints  and  suggestions  in 
regard  to  the  size  of  the  photographs,  scales  of  height  and  length,  and 
other  details,  which  will  all  bo  carefully  considered.  Photography  is 
now  so  popular  and  easy  of  accomplishment  that  there  should  be  no 
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only  where  the  men  had  had  a  direct  handling  of  roborite. 
As  to  the  mixing  of  roburite  with  the  atmosphere,  the  only 
case  in  which  that  could  happen  was  where  the  detonator 
missed  fire  and  the  charge  was  not  exploded  at  all.     Every- 
thing would  be  done  to  get  the  detonator  and  roborite  from 
the  coal,  so  as  to  avoid  sending  staff  away  with  a  dangerons 
•explosive  in  it,  but  he  took  it  the  shot  would  be   got  out 
bodily,  that  the  thick  casing  of  the  cartridge  would  not 
be  cut,  and  that  therefore  it  would  be  impossible  for  roborite 
to  get  into  the  air.     The  other  case,  where  it  was  soggested 
roburite  might  mix  with  the  air,  was  where  two  or  three 
cartridges  were  put  in  one  shot  hole,  and  only  one  cartridge 
exploded.     In  a  case  of  that  sort  he  found  that  the  car- 
tridge left  unexploded  was  so  compressed  as  to  be  harder 
than  coal  itself,  and  it  was  impossible  for  such  roburite  to 
mix  with  the  air.     He  would  suggest,  as  that  was  a  most  im- 
portant question  to  colliery  people,  that  the  meeting  should 
be  held  as  soon  as  possible,  and  not  deferred  until  next 
winter,  because  Mr.  BramaU's  paper  had  made  people  in 
this  district  who  thought  of  using  it  afraid,  and  they  had 
continued  to  use  powder  in  preference  to  what  he  considered 
an  infinitely  superior  explosive.     It  was  for  the  general 
good  of    the  mining  community   that   the   discussion  he 
brought  to  a  head  as  soon  as  they  had  sufficient  infonn- 
ation. 

Mr.  Fletcher  :  If  the  masters  will  not  put  their  persons  in 
jeopardy  they  should  put  their  purses  by  guaranteeing  the  men 
against  all  accidents  which  arise.  That,  I  think,  is  a  better 
solution  for  every  difficulty  that  may  occur  between  masters 
and  men,  on  questions  of  safety,  than  that  of  outside 
insurance  with  societies  that  have  no  influence  on  the 
management. 

Mr.  WiNSTANLEY  Said  he  knew  as  a  fact  that  Mr.  Bramall 
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roburite  shots  in  every  conceivable  manner,  but  on  no  occa- 
sion could  they  get  roburite  to  fire  an  explosive  mixture. 
Some  sparks  were  seen  at  some  of  the  shots  fired  at  the 
Woodshaw  pit,  but  they  were  of  a  dull-red  character,  and 
were  not,  in  his  opinion,  of  an  intense  heat  enough  to  fire 
gafi,  which  was  proved  by  the  experiments  at  Kirkless.  As 
far  as  the  fumes  of  roburite  being  injurious,  he  might  say 
in  the  company's  operations  they  had  found  it  was  not  so 
in  any  single  case.  They  had  not  had  a  single  case  of  any- 
one being  ill  through  the  fumes.  The  question  of  roburite 
being  injurious  in  handling  was  a  weak  point,  but  he 
thought  the  Roburite  Company  got  over  that  very  well  by 
giving  strict  instructions  on  the  point,  and  in  practical 
work,  if  cartridges  of  a  suitable  size  were  ordered,  there 
was  no  occasion  for  the  workmen's  hands  coming  into  con- 
tact with  the  roburite.  It  was  only  a  question  of  finding 
out  what  size  of  cartridge  was  required.  At  the  collieries 
he  had  charge  of,  they  had  used  roburite  through  the 
whole  of  this  year,  and  the  men  were  very  well  pleased 
with  it.  It  was  very  much  less  expensive  than  dynamite; 
it  did  its  work  very  well,  and  they  foimd  no  case  in  which 
\Ji  man's  health  had  been  injured  by  its  use.  As  far  as 
economy  was  concerned,  it  was  very  superior  to  the  water 
cartridges,  as  it  took  a  less  quantity,  and  there  was  less 
expense  in  drilling  the  small  holes.  In  the  gelatine  water 
cartridges  they  had  to  have  2^  inch  ones,  but  in  roburite 
they  could  have  any  diameter  they  liked.  They  found  it 
was  very  much  less  expensive,  a  less  quantity  was  required 
to  do  the  work,  and,  in  his  opinion,  roburite  was  about  three 
times  as  strong  as  powder,  and  did  its  work  exceedingly 
w^ell. 

Mr.  J.  L.  Hedley  asked  if  the  report  of  the  medical 
gentlemen  appointed  to  consider  the  complaint  in  the  Park 
Lane  dispute  had  been  issued. 
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Mr.  C.  F.  Clark  said  he  was  unwiUing  to  take  any  part 
in  that  discussion  at  the  present  period,  as  it  was  probably 
pretty  well  known  that  at  the  beginning  of  the  year  there 
was  at  their  colliery  a  serious  dispute — in  fact,  there  was  a 
strike  throughout  the  collieries  for  three  weeks  in  conse- 
quence of  the  alleged  detriment  to  the  men's  health  from 
the  fumes  of  roburite.  An  arrangement  was  come  to  with 
the  workmen  and  their  representatives  that  the  thing  should 
be  thoroughly  inquired  into.  Two  disinterested  medical 
practitioners  were  appointed,  with  power  to  call  in  the 
assistance  of  an  analyst,  to  ascertain  whether  the  fumes 
were  at  all  detrimental.  Almost  up  to  the  present  time 
those  gentlemen  had  been  engaged  in  making  experiments 
in  all  sorts  of  ways,  both  in  confined  spaces,  wide  work, 
straight  work,  in  places  with  an  ordinary  ventilation,  &c., 
to  ascertain  what  gases  were  evolved  from  roburite.  He 
had  hoped  he  should  be  in  possession  of  their  report  that 
week,  but  he  was  without  any  knowledge  of  it  being  ready.  If 
he  had  had  it  he  should  have  had  great  pleasure  in  presenting 
it  to  the  meeting,  as  it  must  be  of  interest  to  the  whole  of  the 
mining  community.  The  workmen  at  the  colliery  were  going 
on  using  roburite  just  as  they  had  been  from  the  begpinning, 
and  they  had  not  heard  of  any  case  in  which  the  workmen 
had  been  affected  by  the  fumes  or  by  handling  roburite. 
Of  course  from  the  first  very  strict  instructions  were  given 
to  the  shot-lighters  as  to  how  the  thing  was  to  be  used,  and 
that  they  should  not  allow  roburite  to  come  into  contact 
with  any  portion  of  their  bodies.  He  believed  in  one  or 
two  cases,  from  the  injudicious  handling  of  the  material, 
the  workmen  themselves  had  been  affected  by  it.  As  to 
the  fumes,  he  did  not  think  from  all  the  inquiries  made, 
that  there  was  a  single  case  that  could  be  charged  to  them. 
He  should  be  glad  if  the  discussion  could  be  adjourned 
imtil  the  report  was  before  them. 
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Mr.  H.  Fletcher  thought  it  would  be  desirable,  before 
any  material  that  was  dangerous  was  introduced,  that  the 
managers,  owners,  and  directors  of  collieries  should  have 
the  experiment  tried  upon  themselves  in  the  first  instance. 
He  thought  that  only  after  they  had  had  personal 
experience  of  it  could  they  recommend  the  explosive  to  be 
tried  by  the  men. 

Mr.  Mawson,  in  reply  to  Mr.  Fletcher,  pointed  out  that 
Mr.  Hilton,  in  his  paper,  stated  that  he  was  present  at  the 
bulk  of  the  experiments,  and  purposely  put  himself  on  the 
return  side,  so  that  he  might  be  in  the  fumes. 

Mr.  Fletcher  supposed  the  danger  they  had  to  guard 
against  was  that  of  using  roburite  with  insufficient  ventila- 
tion, and  when  the  new  explosive  was  brought  forward  it 
was  said  to  be  a  substitute  for  thorough  ventilation. 

Mr.  C.  F.  Clark  :  I  do  not  think  the  Roburite  Company 
ever  stated  that  it  was  a  substitute  for  thorough  ven- 
tilation. 

Mr.  Fletcher  said  he  only  referred  to  notices  in  the 
newspapers  and  conversations,  which  gave  him  ground  for 
that  remark.  With  the  exercise  of  proper  precautions 
roburite  might  be  safe,  but  it  was  where  there  was  not  good 
Tentilation  that  the  fumes  became  poisonous. 

Mr.  Saint  said  he  had  been  told  by  people,  who  had  used 
roburite,  that  in  certain  cases  the  whole  of  the  charge 
had  not  exploded,  and  it  seemed  to  him  probable  that  in 
such  cases  some  of  the  stuff  might  be  forced  into  the  air 
current,  and  must  be  inhaled  by  the  workmen.  That, 
however,  would  not  accoimt  for  the  experience  of  the  men 
named  by  Mr.  Bramall  in  his  paper.     He  did  not  think  a 
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man  could  suffer  from  such  poisoning,  unless  lie  was  suffering 
from  the  fumes  resulting  from  the  explosion.  It  would  be  well 
if  some  of  the  managers  would  give  their  experience  as  to 
whether  it  would  not  be  desirable  to  arrange  as  far  as  prac- 
ticable that  the  drawing  and  travelling  roads  should  be  the 
intake  airways  of  the  working  places. 

Mr.  J.  L.  Hedley  said  there  was  a  point  about  roburite, 
which  was  of  more  importance  than  the  question  of  fumes, 
and  that  was  the  question   of    flame.     There   had   been 
recently  in  the  Wigan  district  an  accident  from  the  use  of 
roburite.     He  was  not  going  to  express  an  opinion  upon  it, 
but  should  like  them  to  form  their  own  conclusion  from 
what  he  would  tell  them      A  charge  of  roburite  was  inserted, 
but  it  did  not  explode,  nor  did  the  cap.     In  accordance  with 
the  regulations  of  the  mine  the  fireman  left  the  shot  for  a 
little  time,  then  went  back  and  charged  another  hole  nine 
inches  from  the  first.     That  was  exploded,  and  the  coal  wsb 
brought  down,  with  the  exception  of  a  small  quantity  round 
the  first  cartridge.     The  place  was  again  left,  and  on  the 
fireman  returning  to  it,  after  a  lapse  of  two  or  three  hours, 
he  commenced  to  cut  the  unexploded  cap  out,  the  instructions 
being  that  when  a  cap  was  not  exploded  they  were  to  take 
every  care  to  get  it  out.     In  doing  this  the  man  unfortunately 
struck  his  pick  against  it  and  it  exploded,  and  being  within 
a  short  distance  of  the  roburite  he  was  very  much  blown 
about  the  face  and  chest.     He  (Mr.  Hedley)  suggested  to 
Mr.  Webster  that  he  should  particularly  inquire  whether  the 
man  had  received  any  burning  at  all,  and  it  was  found  that 
the  man  was  not  burnt  in  the  slightest  degree,  although  his 
face  was  on  a  line  with  the  cartridge  when  it  exploded,  and 
at  the  outside  a  couple  of  feet  from  the  cartridge.     There 
were  no  signs  of  burning  on  his  face,  and  his  hair  was  not 
burnt  in  the  slightest  degree.     He  thought  they  would  all 
draw  their  conclusion  from  that  as  to  the  safety  of  roburite 
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aa  compared  with  gunpowder.  Had  that  been  a  gunpowder 
shot,  the  man  must  have  been  very  seriously  burned  con- 
sidering the  small  amount  of  coal  thei*e  was  between  the 
shot  and  the  man.  He  thought  it  must  be  patent  to  every- 
body that,  taking  that  particular  case,  roburite  was  certainly 
more  flameless  than  gimpowder,  and  he  thought  that  was 
what  Mr.  Hall  said  at  the  last  discussion  in  that  room,  that 
although  roburite  might  not  be  perfectly  flameless,  still  as 
compared  with  gunpowder  it  was  comparatively  safe.  With 
regard  to  the  fumes  he  had  made  considerable  inquiries 
about  them,  but  he  had  not  yet  come  across  a  case  where  a 
man  had  been  injured  by  the  fumes  themselves.  Mr. 
Webster  informed  him  that  at  the  colliery  under  his  charge 
about  260  shots  of  roburite  were  fired  every  night.  They  had 
been  using  roburite  for  a  considerable  time,  but  only  one 
man  had  suffered  at  all,  and  he,  it  was  found,  had  been 
handling  the  explosive  in  a  raw  state.  Since  he  had  been 
warned  about  it  that  man  had  not  suffered.  Presuming  that 
there  was  any  danger  or  chance  of  injury  from  the  fumes, 
it  was  a  matter  that  could  be  very  easily  got  over.  Every 
one  knew  the  difficulty  that  surrounded  the  use  of  gunpowder 
in  the  pit,  not  only  from  the  presence  of  gas — he  did  not 
think  anyone  would  think  of  firing  roburite  or  gimpowder 
where  there  was  gas — ^but  in  dusty  mines.  There  were  a 
large  number  of  dry  dusty  mines  in  this  district  where  gun- 
powder could  not  be  used  without  watering  the  places 
thoroughly,  and  it  came  to  the  question  whether  gunpowder 
should  be  done  away  with  altogether,  or  whether  roburite 
was  considered  sufficiently  safe  to  use  in  place  of  gunpowder, 
in  whicli  case  it  would  not  be  required  to  water  the  mines 
as  when  gunpowder  was  used.  If  there  was  a  risk  from 
using  roburite  when  men  were  down  the  pit  he  asked  why 
not  carry  out  the  system  which  had  been  in  existence  at  a 
large  number  of  collieries  in  this  district  for  a  number  of 
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years  now  of  firing  the  shots  when  the  men  were  not  in  the 
pit.  There  could  not  be  the  slightest  injury  to  the  men  in 
that  case,  and  the  shot-lighters  need  not  go  back  to  examine 
the  shots  for  a  short  time,  and  when  they  did  they  could  go 
with  the  wind,  and  not  get  into  the  fumes  at  alL  The 
difficulty  about  the  fumes  could  be  got  over  by  firing  the 
shots  when  the  men  were  out  of  the  pit,  and  aUowing  only 
firemen  to  do  the  work. 

Mr.  Fletcher  said  that  although  the  man  had  not  been 
injured  in  the  above  named  case,  yet  had  the  shot  been  of 
ordinary  gunpowder  there  would  have  been  no  necessity  to 
cut  it  out.  It  was  the  necessity  of  cutting  it  out  that  led  to 
the  accident. 

Mr.  Hedlet  said  the  gunpowder  shot  might  have  goneoS 
just  in  the  same  way  as  the  roburite,  but  that  was  not  bis 
point,  for  the  shot  was  being  cut  when  it  went  off,  and  the 
man  was  not  burnt.     The  case  appeared  in  a  good  many 
papers,  and  he  thought  a  wrong  construction  might  have 
been  put  upon  it,  namely,  that  the  man  was  burnt.     That 
was  not  the  case,  and  it  was,  he  thought,  an  argument  in 
favour  of  the  safety  of  roburite  from  the  flameless  point  of 
view.     He  had  never  met  with  a  case  of  a  fireman  being 
injured  from  the  use  of  roburite,  and  he  attributed  it  to  the 
fact  that  they  knew  how  to  use  it,  and  probably  they  did 
not  stop  in  the  working  place  for  any  length  of  time,  pre- 
suming the  fumes  were  there.     The  circulation  of  the  air 
ought  to  be  kept  up,  and  after  a  shot  is  fired  it  was  not 
necessary   for   the    man    to    go    in    the    working    places 
immediately.     He  could  wait  for  a  short  interval,  and  then 
go  in  and  examine.     He  thought  they  must  conclude  from 
the  fact  that  the  firemen  and  shot-lighters  were  not  injured 
from  the  fumes  that  there  was  not  much   risk   or  danger 
to  their  lives  from  that  cause,  and  he  did  not  think  that 
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the  men  were  out  of  the  pit.  In  any  event,  if  the  worst 
came  to  the  worst,  they  had  to  choose  between  having  two  or 
three  men  running  the  risk  of  being  injured,  and  risking 
the  lives  of  200  or  300  men. 

Mr.  W.  Bryham,  Jun. :  I  should  like  to  ask  Mr.  Clark 
if  the  shots  were  fired  in  the  day  time  when  the  men  were 
down  the  pit  P 

Mr.  Clark:  Yes,  the  shots  were  all  fired  in  the  day 
time. 

Mr.  Bryham  said  he  preferred  to  fire  the  shots  when  the 
men  were  out  of  the  mine.  They  used  to  fire  something 
like  300  shots  in  the  day — what  the  colliers  called  "  pop 
shots  " — but  when  they  discontinued  the  practice  they  could 
do  the  same  amount  of  work  with  150  shots.  They  had  not 
had  any  complaints  from  their  officials  or  colliers  as  to  the 
fumes.  He  had  every  confidence,  as  far  as  they  had  gone, 
in  the  use  of  roburite,  and  he  should  continue  to  use  it  until 
he  had  some  complaint. 

Mr.  Mawson,  in  reply  to  Mr.  Fletcher,  said  they  tried 
roburite  in  the  most  dangerous  explosive  mixture  they 
could  get,  and  in  his  opinion  one  of  the  finest  arguments  in 
fiivour  of  the  use  of  roburite  was  that  Mr.  Bramall  was  still 
using  it. 

Mr.  CocKSON  suggested  that  the  discussion  be  adjourned 
to  an  early  meeting  to  be  held  in  Wigan.  He  took  it 
Wigan  was  the  centre  where  they  got  the  largest  atten- 
dance of  members  interested  in  mining,  and  it  was  advisable 
to  adjourn  the  discussion  until  the  medical  report  waa 
issued.  If  Mr.  Bramall  had  been  present  he  would  have 
aaked  hiin  if  the  symptoms  of  poisoning  had  not  occurred 
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only  where  the  men  had  had  a  direct  handling  of  roburite. 
As  to  the  mixing  of  roburite  with  the  atmosphere^  the  only 
case  in  which  that  could  happen  was  where  the  detonator 
missed  fire  and  the  charge  was  not  exploded  at  all.     Every- 
thing would  be  done  to  get  the  detonator  and  roburite  from 
the  coal,  so  as  to  avoid  sending  stuff  away  with  a  dangerous 
•explosive  in  it,  but  he  took  it  the  shot  would  be  got  oat 
bodily,  that  the  thick  casing  of  the  cartridge  would  not        I 
be  cut,  and  that  therefore  it  would  be  impossible  for  roburite        I  ^ 
to  get  into  the  air.     The  other  case,  where  it  was  suggested        1  \ 
roburite  might  mix  with  the  air,  was  where  two  or  three 
cartridges  were  put  in  one  shot  hole,  and  only  one  cartridge 
exploded.     In  a  case  of  that  sort  he  found  that  the  car-' 
tridge  left  unexploded  was  so  compressed  as  to  be  harda^'^ 
than  coal  itself,  and  it  was  impossible  for  such  roburite  t^^ 
mix  with  the  air.     He  would  suggest,  as  that  was  a  most  im  ^^"^ 
portant  question  to  colliery  people,  that  the  meeting  ahoulc^^^ 
be  held  as  soon  as  possible,  and  not  deferred  until  nexf^ 
winter,  because  Mr.  Bramall's  paper  had  made  people 
this  district  who  thought  of  using  it  afraid,  and  they  hi 
continued  to  use  powder  in  preference  to  what  he  oonsidei 
an  infinitely  superior  explosive.     It  was  for  the   genei 
good  of    the  mining   community   that   the   discussion 
brought  to  a  head  as  soon  as  they  had  sufficient  inform- 
ation. 

Mr.  Fletcher  :  If  the  masters  will  not  put  their  persons  in 
jeopardy  they  should  put  their  purses  by  guaranteeing  the  men 
against  all  accidents  which  arise.  That,  I  think,  is  a  better 
solution  for  every  difficulty  that  may  occur  between  masters 
and  men,  on  questions  of  safety,  than  that  of  outside 
insurance  with  societies  that  have  no  influence  on  the 
management. 

Mr.  WiNSTANLEY  Said  he  knew  as  a  fact  that  Mr.  Bramall 
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did  not  write  his  paper  in  an  antagonistic  spirit  towards 
loburite,  because  he  spoke  highly  of  it.  If  the  discussion 
were  adjourned  Mr.  Bramall  would  have  an  opportunity  of 
attending  a  future  meeting,  and  might  more  fully  explain 
his  views. 

Mr.  Grundy  said  the  whole  tone  of  Mr.  Bramall's  paper 
was  to  put  people  on  their  guard  when  using  the 
explosive.  They  might  have  an  explosion  when  the 
combustion  was  not  complete,  and  the  tone  of  Mr. 
Sramall's  paper  was  to  treat  the  substance  as  if  the  fimie& 
from  it  were  not  pure.  He  was  surprised  that  the  mine 
owners  and  managers  sat  still  while  Mr.  Fletcher  insinuated 
that  no  one  else  had  good  ventilation  except  himself. 

Mr.  WiNSTANLEY  movcd  that  the  discussion  be  adjourned. 

The  Chairman  said  Mr.  Hedley  had  mentioned  a  case  of 
the  explosion  of  a  shot  which  missed  fire,  and  that  the 
person  was  not  burnt,  which  showed  there  was  not  sufficient 
flame  to  injure  him.     That  was  an  advantage  from  the  use 
of  roburite.     With  respect  to  the  remarks  of  Mr.  Fletcher, 
he  must  say  very  strongly  there  was  no  intention  on  the 
part  of  colliery  managers  to  use  an  explosive  or  do  any- 
thing which   would   interfere  with   the   ventilation.     Mr. 
Bramall  had  gone  to  America  for  a  holiday,  but  when  he 
came  back  he  would  no  doubt  be  glad  to  attend  a  meeting 
and  discuss  the  subject.     The  intention  of  Mr.  Bramall  was 
not  to  find  fault  with  roburite,  but  to  caution  people  so  as  to 
avoid  anything  arising  from  the  fumes.     He  (the  President) 
tried  burning  roburite  on  the  hearth,  and  the  fumes  arising 
had  certainly  a  slight  effect  upon  him.     It  was  possible  to 
fire  a  shot  and  not  explode  the  whole  of  the  gunpowder,  and 
was  it  not  possible  in  roburite  that  some  part  might  be 
blown  out  and  bum,  and  that  the  burning  might  be  more 
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the  adjacent  country  from  time  to  time  ;  and  also  through 
the  more  recent  surveys  and  descriptions  of  the  mines 
themselves  as  set  forth  in  several  papers  read  before  the 
American  Institute  of  Mining  Engineers  by  the  late  Mr. 
Oswald  J.  Heinrich. 

We  cannot  lightly  set  aside  the  statements  and  deductions 
of  Sir  C.  Lyell,  Mr.  Taylor,  and  Mr.  S.  H.  Daddow,  as  to  the 
manner  of  the  occurrence  of  these  coal  measures,  and  as  to 
the  shape  of  the  floor  upon  which  they  and  the  Triassic 
rocks  beneath  them  were  each  in  turn  deposited.  The 
writers  referred  to  are  all  competent  men,  possessing  the 
special  advantage  afforded  by  inspection  of  mines  in 
vigorous  work  in  every  part  of  the  coalfield.  Their  state- 
ments are  authoritative,  and  their  deductions  the  outcome 
of  personal  investigation,  and  not  bare  assumptions,  as  put 
by  Mr.  Newell. 

We  will  proceed  to  examine  Mr.  Newell's  criticisms  in 
the  order  in  which  thev  occur. 

On  page  138,  No.  3,  March,  1889,  of  the  Magazine 
referred  to  above,  the  reviewer  says  : — 

**  The  statement  of  first  importance  on  which  many  deduc- 
**  tions  rest  is  that  the  strata  thin  out  at  the  outcrop,  or  to 
"  give  the  exact  words,  *  the  rocks  thin  out  toward  the  sides 
''of  the  basin,  as  though,  during  their  deposition,  the  rock 
"  material  had  slid  somewhat  down  the  steep  sides  on  which 
"it  was  thrown  down.*" 

"  A  careful  exploration  made  this  year  failed  to  give  con- 
"  elusive  evidence  of  such  general  thinning,"  &c. — ^Probably 
this  year  means  1888. 

The  exploration  referred  to  cannot  have  extended  to 
the  Greenhole  basin  at  Midlothian,  where  thinning  of 
the  measures  is  distinctly  to  be  seen  both  above  and  below 
the  coal,  and  in  one  place  in  the  coal  itself.  On  the 
eastern  outcrop,  in  what  is  known  as  Mark's  New  Slope 
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r.  Fletcher  said  it  was  stated  in  the  paper  that  the 
packing  had  been  attended  by  a  diminution  in  the  cost 
i.  a  ton  in  wages.  In  speaking  of  ventilation,  he  said 
lamps  were  sometimes  relied  on  instead  of  ventilation, 
lad  heard  of  lamps  being  so  used  as  cheaper  than 
ilation. 

r.  Btjbrows  :  Are  you  speaking  of  this  year  or  ten  or 
in  years  ago  P 

r.  Fletcher  :  I  am  speaking  of  this  very  day. 

le  President  thought  it  was  unfair  of  Mr.  Fletcher  to 
3  those  assertions. 

r.  Bryham  said  he  could  vouch  that  such  was  not  the 
in  this  district,  and  he  must  protest  against  the  insinua- 
that  the  men  were  allowed  to  work  with  lamps  when  it 
imsafe. 

r.  Burrows  :  I  think  Mr.  Fletcher  ought  to  commimi- 
with  Mr.  Dickinson. 

r.  Topping  :   I  think  he  ought  to  retract.     It  is  hardly 


r.  Mawson  thought  it  was  not  fair  for  Mr.  Fletcher 
ndemn  other  colliery  managers  because  they  did  not  act 
his  svstem. 

r.  Fletcher,  on  being  appealed  to  to  mention  names, 
he  would  not  publish  the  names  of  the  collieries,  and  he 
ttot  think  anyone  would  be  hurt  by  the  anonymous 
tion. 

p.  Burrows  again  suggested  that  Mr.  Fletcher  should 
he  electric  light. 
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Mr.  Fletcher  said  he  had  tried  the  portable  Swan- 
Edison-Pitkin  lamps  for  a  few  monthsy  without  saccess,  and 
believed  semi-portable  lamps,  connected  by  wires  in 
circuit,  would  be  impracticable  in  the  working  places, 
and  there  was  no  necessity  if  they  kept  up  a  good  ventilation, 
abandoned  narrow-work,  and  filled  up  the  goaf. 

The  subject  then  dropped,  and  a  vote  of  thanks  haring 
been  accorded  the  President,  the  meeting  concluded. 


TRANSACTIONS 

OF  TOE 

MANCHESTER    GEOLOGICAL    SOCIETY. 


Pakt  X.  Vol.  XX.  Session  1888-9. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  June  4th,  1889,  at  the  Kooms  of  the  Manchester 
Literary  and  Philosophical  Society,  George  Street. 

The  President,  Mr.  Alderman  John  Knowles,  M.Inst.C.E., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  unani- 
mously elected  Ordinary  Members  of  the  Society : — 
Mr.    Reuben   Taylor,  Pendlebury  Colliery,  near  Man- 
chester. 
Mr.  John  W.  Foster,  Silksworth  Colliery,  Sunderland. 


The  following  are  the  recent  additions  to  the  Library  : — 

Chesterfield  and  Derbyshire  Institute  of  Engineers :     Transactions, 

Parts  3-4,  Vol.  X\^I.     From  the  Institute, 
Dublin,    Royal    Dublin   Society:    Scientific  Proceedings,    Parts  3-6, 

Vol.  VI.,  N.S.;    Scientific  Transactions,    Parts  2-5,   Vol.   IV., 

Series  2. — From  the  Society, 
Edinburgh  Royal  Physical  Society :  Proceedings,  Session  1887-88. — 

From  the  Society, 
Essex  Field  Club  :  Journal,  Nos.  11-12,  Vol.  H.,  1888.— JVw»  the  Club. 
Hampshire  Field  Club :  Papers  and  Proceedings,  Nos.  1  -2. — From  the 

Club. 
Hertfordshire  Natural  History  Society  and  Field  Club :  Transactions. 

Parts  4-6,  Vol.  W.—From  the  Society. 

16 


252 

of  Gancock  Chase,  in  England,  from  those  of  the  adjacent 
Black  Country. 

In  the  northern  end  of  the  Richmond  coal  field  we  have 
evidences  of  strong  heat,  and  on  the  western  side  trap  as  a 
conformable  mass  over  all  the  ground  hitherto  proved.  The 
focus  of  volcanic  energy  appears  to  have  been  somewhere 
about  the  James  river,  and  to  have  extended  in  a  north- 
westerlv  direction  towards  Dover.  Just  south  of  the 
James  or  the  eastern  outcrop  everything  is  topsy-turvy, — 
this  is  where  hcematitc  was  formerly  worked.  Two  miles 
further  south,  on  the  western  side  of  the  Black  Heath  basin, 
there  are  surface  indications  of  heat  and  disturbance, 
probably  the  spent  force  which  produced  calcination  at 
Jewitt's  (Plate  IV.,  Fig.  2,  Trans.  Man.  Oeol  Soc ,  Part  IS, 
Vol.  XIX.)  close  by. 

At  Midlothian  there  were  no  appearances  of  yolcani< 
action  discovered  in  the  coal  workings.  The  seams  are  fei 
or  single,  and  very  thick.  In  the  shallower  workings  ©•"  ^^ 
former  days  the  coal  was  found  resting  partly  on  the  projec —  '^- 
tions  from  the  granite  floor,  and  partly  on  Triassic  rock^  ^^* 
deposited  in  the  hollows  of  the  original  floor.  At  Clover  -s^^r 
Hill,  19  miles  further  south,  the  absence  of  heat,  and  th^  -^^^ 
same  ponderous  coal  seams,  **  steep  pinches  "  and  irregularity^  ^Y 
of  stratification  prevail. 

A  trap  dyke  comes  to  the  surface  at  Buck  Hill,  three  raile-*^^^^*^ 
.*         .  .    .  .  ^•^    ^< 

S.W.  of  Midlothian.     Whether  it  is  connected  with  Jewitt'       --* 

coke  pit,  no  exploration  has  yet  been  made  to  determincE^^"  ®' 

The  nearest  underground  workings  are  those  of  the  Grov^"""*^^ 

shaft  (one-and-a-half  miles  away),  where  no  crushing  o^^^^^^ 

heating  is  to  bo  seen. 

On  pages  139-140,  Mr.  Newell  says  :  "  The  identificatior  ^n 
"  of  any  coal  seam  for  a  distance  of  even  one  or  two  milee^**^' 
"  is  a  matter  of  great  uncertainty,  owing  to  the  number  c=:=^^ 
"  the  seams,  the  changes  in  thickness  both  of  the  coal  an —  ^ 
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**  accoropaDying  shales,  the  bending  and  crushing  to  which 
^*  all  have  been  subjected,  and  the  rapid  decomposition  of 
"  the  whole  series."  It  is  difficult  to  know  what  is  meant 
by  the  rapid  decomposition  of  the  whole  series.  No  super- 
ficial examination  of  the  strata  can  be  made  with  the 
smallest  success.  The  marls  and  clays  at  the  base  of  the 
drift  have  hermetically  sealed  the  outcrop,  and  arrested 
decomposition  there.  It  is  only  in  the  few  places  where 
streams  have  washed  away  these  superficial  accumulations, 
that  any  idea  of  the  form  of  the  underlying  rocks  can  be 
obtained  without  digging. — See  description  of  prospecting 
at  Deep  Run,  on  paper. 

In  the  remarks  quoted,  one  would  like  to  know  whether 
Mr.  Newell  refers  to  those  regular  measures  with  parallel 
laminse,  north  of  the  James  river,  which  he  has  previously 
described  ?      The    very   regularity y    persistency^   and  strati- 
graphical   position    of   these  coal    beds    should  render   their 
identity  quite  easy.     But  if  he   speaks   of   what   may   be 
termed  the  non-plutonic  parts  of  the  field  (Midlothian,  &c.), 
then     Mr.    Newell's    acquaintance  with    conditions    only 
foand   within   a    circumscribed   area,   has   misled   him   in 
drawing   general   conclusions.      There  are  broad  physical 
differences — fracture,  lamination,  &c. — in  the  coals  themselves 
as  obtained  from  the  several  seams,  differences  common  to 
^ose  seams  when  occurring,  not  tico  but  ticenty  miles  apart. 
These  differences  and  the  associated  shales  make  identification 
<«asy.     The  coal   obtained  from   detached  basins  at  three 
points  extending   over   13   miles  of  eastern   outcrop,  was 
^;rooved  and  furrowed  in  a  great  diversity  of  directions,  in 
tiie   same  way  as  coal  obtained  from   the   Silkstone  seam 
^rhere  it  rears,   as  against  the  Brimington   anticlinal  in 
])erbyshire,  and  where  the  colliers  called  these  markings 
•'shivers." 

We  now  come  to  the  final  and  perhaps,  from  an  economic 
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point  of  view,  the  most  important  of  Mr.  Newell's  objec- 
tions. The  make  of  water  in  coke  pits.  The  only  coke  pit 
at  work  in  the  whole  field  in  1884  had  fissured  measures 
above  and  below  the  trap,  and  made  a  large  quantity  of 
water  in  the  shaft  and  the  workings, — which  were  limited 
in  their  extent,  all  straight- work,  and  no  break  in  the  roof  had 
occurred  anywhere.  On  the  cause  of  the  abandonment  of 
coke  pits  worked  in  the  past,  the  re-opening  of  one  or  more 
during  the  last  year  or  two  may  throw  some  light,  but  my 
information  was  definite  and  reliable.  The  make  of  water 
was  carefully  taken  by  the  leading  mining  engineer  of  the 
day.  The  average  quantity  was  17  tons  for  every  ton 
of  coke  raised — a  very  large  quantity  to  be  dealt  with  by 
the  means  at  command. 

The  subjoined  appendix  embraces  all  the  chief  published 
opinions  of  actual  explorers  of  this  coal  field  (which  have 
come  in  the  writer's  way)  relating  to  the  particular  subjects 
under  discussion,  and  it  is  hoped  that  they  will  serve  to 
further  make  it  clear  that  the  criticisms  under  notice  are 
against  facts  and  against  the  consensus  of  opinion  of 
competent  authorities. 


Sir  C.  LyeU  (1844  and  1845.) 
**  Second  Visit  to  the  United  States." 

Page  280. — "These  eastern  coal  beds,  the  largest  of  which  res^* 
**  upon  the  fundamental  granite,  while  the  uppermost  are  not  covert 
'*  by  any  overhang  fossiliferous  formations. 

Page  281. — **  The  beds  lie  in  a  trough  (see  Section  Fig.  4,  p.  283)» 
**  the  lowest  of  them  usually  highly  inclined  when  they  crop  out 
**  along  the  margin  of  the  basin,  while  the  strata  higher  in  the  ser*^ 
**  occupying  the  central  part  of  the  area,  and  which  are  devoid  ^^ 
'*  organic  remains  and  coal,  are  nearly  horizontal. 

Page  282-283.—*'  The  annexed  ideal  section  will  show  the  manneri» 
'*  which  I  suppose  the  coal  field  to  be  placed  in  a  hollow  in  the  granit® 
**  rocks,  the  whole  countiy  having  suffered  by  great  denudation,  a^d 
**the  surface  having  been  planwl  off  almost  imiformly,  and  attb® 
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*  same  time  overspread  by  a  deep  covering  of  gravel,  and  red  and 
**  yellow  clay,  &c. 

Page  284. — **  This  great  seam  is  sometimes  parted  from  the  granite 
**  by  an  inch  or  two  of  shale,  which  seems  to  have  constituted  the  soil 
*'  on  which  the  coal  plants  grew,  at  some  points  the  granite  floor 
"touches  the  coal,  the  contact  may  be  occasioned  by  subsequent 
**  disturbances,  for  the  rocks  are  fractured  and  shifted  in  many 
"  places."— Refers  to  Black  Heath  pit. 


Taylor  (about  1850). 

**CoAL  Statistic." 

Chapter  in  Virginia;  Macfarlane,  p.  509-516. 

"  After  this  coal  has  been  excavated  and  its  base  laid  bare,  the  floor 

*  *  of  the  mine  exhibits  the  original  undulating  surface  of  the  granite,  and 
**  in  some  few  instances,  the  eminences  which  protrude  from  this  ancient 
**  surface,  rise  entirely  thiough  the  lower  carboniferous  beds,  as,  on 
'*  a  larger  scale,  an  island  rises  above  the  water  of  the  ocean.  Thus, 
"  the  floor  of  the  deep  galleries  present  an  irregular  and  undulating- 
*' surface,  to  the  inconvenience  of  the  miners,  and  occasioning  ob- 
"  stacles  to  the  formation  of  subterranean  railroads.  It  is  not  always 
"  that  the  coal  rests  immediately  on  the  granite,  occasionally  there  is 
"  a  foot  or  two  of  black  carboniferous  shale,  or  a  seam  of  £rom  one  tc^ 
**  two  inches  of  dark  porphyritic  rock.  Often  many  square  yards  of 
'*  granite  are  laid  bare,  where  its  surface  appears  smooth  and  worn  by 
•*  previous  attrition  before  the  deposition  of  the  vegetable  matter  had 
**  commenced.  There  exists  no  parallelism  between  the  upper  and 
•*  lower  surfaces  of  the  main  coal  seam,  neither  does  the  roof  present 
*'the  usual  continuity  of  planes  as  is  seen  in  ordinary  stratified 

*  *  deposits.     In  these  lower  thick  seams,  the  roof  is  irregular,  rising 

**  and  falling,  swelling  and  expanding,  without  at  the  same  time^ 

•«  conforming  to  the  undulations  of  the  granite  base :   The  parallelism 

**  of  laminae,  or  plates  of  stratification  within  the  body  of  the  coal 

'•  itself,  however,  is  not  interrupted,  but  they  continue  of  uniform 

•*  thickness  parallel  to  each  other,  and  with  the  prevailing  dip  of  the 

**ooaL     The  prevailing  circumstances  which  are  developed  in  this 

*^  remarkable  mass  of  coal,  are  such  as  would  bo  expected  to  attend 

**  the  deposition  of  vegetable  matter,  or  any  substance  in  fact,  not 

^'altogether  in  a  state  of  fluidity,  yet  capable  of  entering  into  and 

*'  filling  up  the  innumerable  inequalities  and  minor  cavities  in  the 
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the  adjacent  country  from  time  to  time  ;  and  also  through 
the  more  recent  surveys  and  descriptions  of  the  mines 
themselves  as  set  forth  in  several  papers  read  before  the 
American  Institute  of  Mining  Engineers  by  the  late  Mr. 
Oswald  J.  Heinrich. 

We  cannot  lightly  set  aside  the  statements  and  deductions 
of  Sir  C.  Lyell,  Mr.  Taylor,  and  Mr.  S.  H.  Daddow,  as  to  the 
manner  of  the  occurrence  of  these  coal  measures,  and  as  to 
the  shape  of  the  floor  upon  which  they  and  the  Triassic 
rocks  beneath  them  were  each  in  turn  deposited.  The 
writers  referred  to  are  all  competent  men,  possessing  the 
special  advantage  afforded  by  inspection  of  mines  in 
vigorous  work  in  every  part  of  the  coalfield.  Their  state- 
ments are  authoritative,  and  their  deductions  the  outcome 
of  personal  investigation,  and  not  bare  assumptions,  as  put 
by  Mr.  Newell. 

We  will  proceed  to  examine  Mr.  Newell's  criticisms  in 
the  order  in  which  they  occur. 

On  page  138,  No.  3,  March,  1889,  of  the  Magazine 
referred  to  above,  the  reviewer  says  : — 

"  The  statement  of  first  importance  on  which  many  deduc- 
"  tions  rest  is  that  the  strata  thin  out  at  the  outcrop,  or  to 
"  give  the  exact  words,  *  the  rocks  thin  out  toward  the  sides 
**  of  the  basin,  as  though,  during  their  deposition,  the  rock 
**  material  had  slid  somewhat  down  the  steep  sides  on  which 
**it  was  thrown  down.'" 

"  A  careful  exploration  made  this  year  failed  to  give  con- 
**  elusive  evidence  of  such  general  thinning,"  &c. — Probably 
this  year  means  1888. 

The  exploration  referred  to  cannot  have  extended  to 
the  Grecnhole  basin  at  Midlothian,  where  thinning  of 
the  measures  is  distinctly  to  be  seen  both  above  and  below 
the  coal,  and  in  one  place  in  the  coal  itself.  On  the 
eastern  outcrop,  in  what  is  known  as  Mark's  New  Slope 
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(Fig.  1,  Plate  I.  and  Plate  III.,  Tram.  Man.  Oeol.  Soc, 
Part  IS,  Vol.  XIX. ),  the  inclination  of  the  coal  is  greater  at 
the  outcrop  than  it  is  further  to  the  dip.  The  ground 
underlying  the  seam  has  been  cut  away  to  diminish  the 
gradient  of  the  incline  over  which  the  coal  was  formerly 
hauled  to  the  surface.  Here  thinning  of  the  rocks 
helofc  the  coal  is  seen.  A  little  further  to  the  north  in  the 
same  basin,  and  on  the  same  side  of  it,  in  one  of  the  "  Old 
Sowell"  inclines  which  has  fallen  up  to  the  surface,  the 
same  phenomena  can  be  seen  in  the  shales  overlying  the  coal. 
To  the  west  of  the  Greenhole  basin,  in  a  trial  hole, — where 
the  leader  of  the  coal  from  the  Greenhole  basin  comes  near 
the  surface  thickening  to  the  dip  (east),  is  very  marked,  and 
extends  to  the  black  sand  and  marls  which  form  the  base  of 
the  drift  at  this  point.  Thinning  could  also  be  seen  in  the 
measure  overlying  the  coal  in  the  old  working,  fallen  in, 
near  Finney's  on  the  western  outcrop  in  1884,  and  in 
dozens  of  places  imderground  on  the  dip  side  of  **  troubles  " 
in  the  several  collieries. 

On  page  139  of  the  same  journal  Mr.  Newell  says: — 
*'  There  is  far  too  much  stress  put  upon  the  assumption  made 
"  by  Lyell,  and  since  then  unquestioned,  that  the  present 
•*  basins  were  basins  at  the  beginning  oftJie  Triassic,  and  that 
"  the  irregularities  are  due  to  deposition  or  uneven  surfaces, 
**  rather  than  to  subsequent  crushing.  The  evidence,  on  the 
"contrary,  points  to  the  fact  that  the  coal  series  was 
"deposited  in  a  horizontal  position.  Not  enough  allowance 
"  has  been  made  for  the  effect  of  subsequent  crushing  and 
"  erosion  of  soft  rocks." 

To  get  a  fair  grasp  of  Sir  C.  Lyell's  views,  the  chapter 
referring  to  this  coal  field  in  Vol.  I.,  of  his  Second  Visit  to 
the  United  States  should  be  read.  Speaking  of  the  Cala- 
mities and  Equisetites  he  says : — "  They  are  very  commonly 
met  with  in  a  vertical  position,  more  or  less  compressed 
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perpendicularly."  He  saw  them  in  places  many  miles  apart 
under  the  same  conditions,  and  concluded  that  they  must 
have  grown  where  they  are  now  buried  in  mud  and  sand, 
and  that  this  ''  implies  a  gradual  accumulation  of  the  coal 
''  measures,  during  a  slow  and  repeated  subsidence  of  the 
"  whole  region."  The  angle  of  inclination  of  the  measures 
where  these  huge  plants  now  stand,  is  in  many  cases  as 
much  as  60  degrees. 

That  the  Triassic  was  deposited  upon  a  more  uneven  floor 
than  the  one  which  in  its  turn  formed  the  area  of  deposit 
for  the  coal  measures,  is  manifest  at  every  point  of  exposure. 
It  fills  up  as  it  were,  the  hollows  in  what  Sir  C.  Lyell  terms 
the  '' fundamental  granite."  Its  thickness  is  greatest  in  the 
southern  portion  of  the  field,  but  very  irregular  everywhere. 
In  the  bore  hole  near  the  Grove  shaft,  it  is  over  500  feet, 
while  less  than  a  mile  away  it  varies  within  a  small  area, 
from  a  few  inches  or  nothing  to  100  feet.  At  Midlothian, 
granite  troubles  were  often  met  with  when  the  pits  were  at 
work,  presenting  rugged  sides.  Sometimes  a  nearly  perpen- 
dicular face  was  met  with,  standing  out  of,  and  rising  above 
the  coal  seam — the  end  of  the  coal  resting  smooth  and 
uncrushed  directly  against  the  granite. 

In  the  present  workings  at  Clover  Hill,  which  are  deep, 
the  writer  did  not  see  any  granite  in  cuttings  through 
"  troubles."  Here  the  "troubles"  are  of  the  form  described 
in  the  paper — having  a  rouuded-off  appearance — the  Triassic  ' 
sheath  has  softened  the  asperities  of  outline  possessed  by 
the  granite  core. 

It  was  told  to  the  writer  that  the  troubles  at  the  Raccoon  ^ 
pit  were  clean  dislocations,  and  generally  down-throws  to  -^ 
the  S.W.,  but  examination  showed  that  there  were  no  ^" 
"clean  slips;"  that  in  heading  through  a  "trouble"  the 
usual  film  of  coal  was  followed  along  the  level  line  until  i 
came  to  a  workable  thickness  again,  showing  that  to  th 
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irregularities  of  the  floor,  and  not  to  disturbance,  must  be 
referred  the  contortions  of  the  seam.  On  the  other  hand 
in  depressions  in  the  floor  the  coal  was  of  extra  thickness, 
sometimes  assuming  the  form  of  large  pots. 

Now  as  to  Mr.  Newell's  evidence : — "  It  is  well  known 
''  that  one  of  the  principal  coal  beds,  dipping  at  an  angle 
"  averaging  30  degrees,  has  been  worked  along  the  strike 
"  for,  say  a  mile,  and  has  been  explored  on  the  dip  for  1,500 
**  feet,  equivalent  to  a  vertical  depth  of  750  feet.  Through- 
''  out  this  breadth  of  1,500  feet  it  maintains  approximately 
**  a  uniform  thickness,  &c." 

From  the  general  tenor  of  Mr.  Newell's  remarks,  and 
from  his  letters  to  me,  it  would  appear  that  they  had 
reference  mainly  to  the  north-western  outcrop.  In  1884 
only  limited  examinations  could  be  made  in  this  part  of 
the  field, — not  a  single  pit  being  at  work  there  at  that  time. 
Mining  enterprise  was  dead,  but  has  since  been  galvanized 
into  life  by  the  influx  of  Boston  capital. 

Persistent  enquiry  of  those  persons  most  competent  to 
give  information,  and  inspection  of  such  plans  and  sections 
as  were  accessible,  lead  me  to  no  such  conclusion  that  in 
any  part  of  the  western  outcrop  was  there  any  working  or 
series  of  workings  aggregating  one  mile  wide  and  750  feet 
in  vertical  depth,  unless  we  accept  that  the  term  **  worked" 
to  include  a  chain  of  primitive  burrowings  along  a  very 
narrow  fringe  of  outcrop,  and  "  explored  "  to  mean  perhaps 
the  solitary  slope  that  had  been  carried  1,500  feet  to  the 
dip. 

There  are  in  the  Richmond  coal  field  two  parts  having 
distinct  characteristics  (shown  in  Plates  II.,  III.,  and  IV.  of 
the  paper,  Trans,  Man,  Oeol,  Soc,,  Part  13,  Vol,  XIX,) 
The  coal  in  the  Carbon  Hill  district  is  split  up  into  a 
number  of  small  beds,  with  measures  differing  as  widely 
from  those  of  Midlothian  and  Glover  Hill  as  do  the  strata 
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of  Gancock  Chase,  in  England,  from  those  of  the  adjacent 
Black  Country. 

In  the  northern  end  of  the  Richmond  coal  field  we  have 
evidences  of  strong  heat,  and  on  the  western  side  trap  as  a 
conformable  mass  over  all  the  ground  hitherto  proved.  The 
focus  of  volcanic  energy  appears  to  have  been  somewhere 
about  the  James  river,  and  to  have  extended  in  a  north- 
westerlv  direction  towards  Dover.  Just  south  of  the 
James  or  the  eastern  outcrop  everything  is  topsy-turvy, — 
this  is  where  hoDmatite  was  formerly  worked.  Two  miles 
further  south,  on  the  western  side  of  the  Black  Heath  basin, 
there  are  surface  indications  of  heat  and  disturbance, 
probably  the  spent  force  which  produced  calcination  at 
Jewitt's  (Plate  IV.,  Fig.  2,  Tram.  Man.  OeoL  SoCyPart  l-J, 
Vol.  XIX.)  close  by. 

At  Midlothian  there  were  no  appearances  of  volcanic 
action  discovered  in  the  coal  workings.  The  seams  are  few 
or  single,  and  very  thick.  In  the  shallower  workings  of 
former  days  the  coal  was  found  resting  partly  on  the  projec- 
tions from  the  granite  floor,  and  partly  on  Triassic  rock^i 
deposited  in  the  hollows  of  the  original  floor.  At  Clover 
Hill,  19  miles  further  south,  the  absence  of  heat,  and  the 
same  ponderous  coal  seams,  **  steep  pinches  "  and  irregularity 
of  stratification  prevail. 

A  trap  dyke  comes  to  the  surface  at  Buck  Hill,  three  mile:^ 
S.W.  of  Midlothian.     Whether  it  is  connected  with  Jewitt'ft 
coke  pit,  no  exploration  has  yet  been  made  to  determine. 
The  nearest  underground  workings  are  those  of  the  Grov^ 
shaft  (one-and-a-half  miles  away),  where  no  crushing  ov 
heating  is  to  bo  seen. 

On  pages  139-140,  Mr.  Newell  says  :  "  The  identificatior^. 
"  of  anv  coal  seam  for  a  distance  of  even  one  or  two  mile*  * 
"  is  a  matter  of  great  uncertainty,  owing  to  the  number  o 
**  the  seams,  the  changes  in  thickness  both  of  the  coal  an 
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of  this  in  the  lengthening  of  the  flame  of  a  candle  there 
would  have  been  a  terrific  explosion. 

Professor  Boyd  Dawkins  :  AVhat  gas,  may  I  ask,  was 
that? 

Mr.  Dickinson  :  It  was,  I  should  think,  carburetted 
hydrogen.  You  could  see  it  coming  off  in  bubbles  as  the 
precipitation  was  going  on. 

Mr.  Grundy  :  I  think  Mr.  Dickinson's  remarks  with  re- 
gard to  percentages  of  carbonic  acid  are  of  importance :  for 
a  great  many  people  who  work  in  mines,  especially  those 
who  are  seeking  to  get  mine  managers'  certificates,  and  those 
who  have  already  done  so,  read  Mr.  Atkinson's  book,  where 
percentages  are  given,  which  seem  to  be  very  large  as  com- 
pared with  those  given  by  Dr.  Ang^s  Smith.  It  may  act  as 
a  warning  to  some  people  to  know  that  small  per  centages 
are  injurious.  In  mines  where  I  have  met  with  carbonic 
acid  gas  I  have  often  thought  that  the  effect  on  the 
candle  was  not  altogether  due  to  carbonic  acid,  or 
perhaps  not  principally  due  to  it,  but  largely  to  the  absence 
of  oxygen.  I  looked  into  Professor  Thorpe's  book  on 
chemistry  to  see  what  he  had  said  about  that :  he  says  it  is 
found  that  a  candle  goes  out  in  air  when  the  oxygen  falls  to 
18"5  per  cent.,  and  carbonic  acid  rises  to  2  J  per  cent.,  which 
seems  to  be  near  the  figures  given  by  Dr.  Angus  Smith.  I 
do  not  know  of  any  figures  giving  the  exact  per  centages  of 
oxygen  and  carbonic  acid  compared,  with  the  effect  on  a  per- 
aon's  health,  and  the  effect  on  different  kinds  of  light.  I 
am  very  much  interested  in  the  matter,  and  I  should  be  glad 
if  any  one  could  direct  my  attention  to  figures  bearing  upon 
it. 

Mr.  Dickinson  :  I  have  great  faith  in  Dr.  Angus  Smith's 
percentages  He  was  a  most  careful  observer.  I  knew  him 
and  I  have  sat  in  the  little  compartment  of  his  where  he 
made  the  experiments.     It  was  fitted  up  for  the  sole  purpose. 
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chiefly  for  the  Royal  Commissioners  then  sitting  on  mines 
not  within  the  scope  of  the  Coal  Mines  Regulation  Act. 

A  Member  pointed  out  that  the  difference  in  the  per- 
centages might  have  been  brought  about  by  the  different 
degrees  of  puritj^  of  the  carbonic  acid  experimented  with. 
With  pure  carbonic  acid,  such  as  Dr.  Angus  Smith  no  doubt 
was  dealing  with,  the  quantity  which  would  prove  fatal 
might  be  very  small ;  but  in  mines  the  gas  was  not,  in  his 
experience  at  all  events,  very  pure.  He  should  think  the 
great  defect  in  the  air  had  been  rather  the  yeant  of  oxygen, 
as  Mr.  Grundy  put  it. 

Mr.  Grundy  :  In  several  instances  I  have  put  my  head  in 
a  place  where  the  candle  has  been  suddenly  quenched  with- 
out the  gas  affecting  myself ;  in  other  cases  I  have  held  tiie 
candle  or  lamp  about  two  feet  above  the  floor  and  held  it  till 
the  light  has  died  out,  without  feeling  any  effects.  I  have 
done  that  two  or  three  times  in  one  day.  In  some  cases  I 
have  been  touched  a  little  by  it. 

Mr.  Dickinson  :  If  a  person  puts  his  head  into  or  continues 
in  a  strong  mixture  of  that  kind,  when  it  puts  a  light  out,  he 
is  running  a  great  risk,  such  as  I  have  known  to  prove  fatal. 
That  it  is  not  entirely  due  to  the  absence  of  oxygen  can  be 
proved  by  making  a  drill-hole  into  old  workings;  when, 
if  you  place  your  lamp  above  the  hole,  the  light  will  not  be 
affected,  but  if  you  place  it  below,  you  find  it  immediately 
extinguished.     The  gas  pours  out  much  the  same  as  water. 

Mr.  Grundy  :  In  the  case  I  mentioned  I  do  not  want  it 
to  be  understood  that  I  thought  there  was  no  carbonic  acid. 
I  felt  quite  certain  there  was,  and  I  found  evidence  of  it 
in  the  roadway  as  well,  because  proceeding  along  with  the 
light  the  effect  was  just  as  though  some  one  had  brushed  the 
flame  aside  with  the  hand.  The  atmosphere  of  the  mine 
was  so  thick  it  was  almost  like  carrying  the  candle 
through  treacle.     If  I  had  walked  at  a  rapid  pace  the  light 
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•  same  time  overspread  by  a  deep  covering  of  gravel,  and  red  and 
**  yellow  clay,  &c. 

Page  284. — **  This  great  seam  is  sometimes  parted  from  the  granite 
**  by  an  inch  or  two  of  shale,  which  seems  to  have  constituted  the  soil 
**  on  which  the  coal  plants  grew,  at  some  points  the  granite  floor 
*' touches  the  coal,  the  contact  may  be  occasioned  by  subsequent 
'*  disturbances,  for  the  rocks  are  fractured  and  shifted  in  many 
•*  places."— Refers  to  Black  Heath  pit. 


Taylor  (about  1850). 

**CoAL  Statistic." 

Chapter  in  Virginia;  Macfarlane,  p.  509-516. 

*'  After  this  coal  has  been  excavated  and  its  base  laid  bare,  the  floor 
* '  of  the  mine  exhibits  the  original  undulating  surface  of  the  granite,  and 
* '  in  some  few  instances,  the  eminences  which  protrude  from  this  ancient 
**  surface,  rise  entirely  thiough  the  lower  carboniferous  beds,  as,  on 
*'  a  larger  scale,  an  island  rises  above  the  water  of  the  ocean.  Thus, 
"the  floor  of  the  deep  galleries  present  an  irregular  and  undulating 
"surface,  to  the  inconvenience  of  the  miners,  and  occasioning  ob- 
"  stacles  to  the  formation  of  subterranean  railroads.  It  is  not  always 
"  that  the  coal  rests  immediately  on  the  granite,  occasionally  there  is 
•*  a  foot  or  two  of  black  carboniferous  shale,  or  a  seam  of  from  one  U> 
**  two  inches  of  dark  porphyritic  rock.  Often  many  square  yards  of 
**  granite  are  laid  bare,  where  its  surface  appears  smooth  and  worn  by 
**  previous  attrition  before  the  deposition  of  the  vegetable  matter  had 
**  commenced.  There  exists  no  parallelism  between  the  upper  and 
**  lower  surfaces  of  the  main  coal  seam,  neither  does  the  roof  present 
"  the  usual  continuity  of  planes  as  is  seen  in  ordinary  stratified 
**  deposits.  In  these  lower  thick  seams,  the  roof  is  irregular,  rising 
**  and  falling,  swelling  and  expanding,  without  at  the  same  time 
**  conforming  to  the  undulations  of  the  granite  base :  The  parallelism 
•*  of  laminae,  or  plates  of  strati^cation  within  the  body  of  the  coal 
**  itself,  however,  is  not  interrupted,  but  they  continue  of  uniform 
**  thickness  parallel  to  each  other,  and  with  the  prevailing  dip  of  the 
"  coal.  The  prevailing  circumstances  which  are  developed  in  this 
"  remarkable  mass  of  coal,  are  such  as  would  bo  expected  to  attend 
"  the  deposition  of  vegetable  matter,  or  any  substance  in  fact,  not 
"  altogether  in  a  state  of  fluidity,  yet  capable  of  entering  into  and 
**  filling  up  the  innumerable  inequalities  and  minor  cavities  in  the 
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"original  granite  bed,  and,  at  the  same  time  maintaining  in  the 
**  plane  of  its  own  superior  surface,  a  certain  general  parallelism,  or 
"level.  They  thus  furnish  a  ready  explanation  as  to  the  otherwise 
**  singular  irregularities  in  thickness  of  the  great  lower  coal  seam,  so 
"  different  from  the  usual  characteristics. 


"Daddow." 

**  Coal,  Iron,  and  Oil." 

Potts\'ille,  1866.» 

Page  396. — **  Richmond  Coal  Field.'' — "  The  basin  is  irregular,  and 
"  is  surrounded  by  fine  grained  granite,  resembling  syenite,  which 
"  produces  an  excellent  building  material,  almost  equal  to  marble  in 
"  appearance.  The  interior  of  the  basin  presents  peaks  of  granite  of 
**  various  textures,  with  occasional  dykes  of  trap  and  porphyries. 
**  The  field  consists  of  a  series  of  deep  basins,  the  whole  resembling 
**  the  vast  crater  of  some  expired  volcano,  studded  with  sharp  peaks 
**  and  surrounded  by  rugged  and  irregular  sides.  The  inequalities 
"  of  the  basin  are  in  a  measure  modified  by  sedimentary  deposits  which 
**  preceded  the  coal,  but  those  deposits  only  filled  the  deeper  hollows, 
**  leaving  the  coal  in  many  cases  to  be  stratified  on  a  granite  base. 
**  It  seems  evident  that  no  subsequent  crust  movements  of  importance  have 
**  taken  place  in  these  eastern  and  late  coal  formations.  The  deposits  are 
**i7i  the  deeper  basins  or  synclinalsy  limited  on  the  declining  sides,  and 
'*  very  thin  on  the  anticlinals,  thus  proving  positively  that  the  basins 
**  existed  miich  in  their  present  condition  inhen  these  deposits  took  place,'' 


A  vote  of  thanks  to  Mr.  Clifford  was  unanimously  passed. 


ON  CARBONIC  ACID  GAS,  OR  BLACK-DAMP,  AS 
COMMONLY   FOUND    IN   MINES. 

By  Mr.  Joseph  Dickinson,  F.G.S.,  &c. 


At  the  monthly  meeting  of  this  Society  in  November  last, 
mention  was  made  of  carbonic  acid  gas  having  recently,  by 
a  party  of  scientific  gentlemen,  been  found  issuing  audibly 
into  the  workings  of  the  Foxdale  mine,  in  the  Isle  of  Man. 

•Mr.  Daddow  built  and  managed  just  before  tlie  war,  the  West  Ham  furnace  on  the 
James  river  between  Riclimond  and  the  coal  field,  and  was  therefore  intimately 
acquainted  with  the  district. 
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30  Liinestone  containing  42*35  per  cent.  Carb.  of  Magnesia. 

33  From  this  "  Dark  Blue  Shale  "  there  was  a  slight  feeder  of  Bock 
Oil,  and  a  strong  feeder  of  Sulphur  Water  similar  to  the  Croft 
Spa  Water  and  which  overflowed  at  the  surface  when  work  was 
suspended  for  a  time. 

38  Limestone  containing  44*40  per  cent.  Carb.  of  Magnesia. 

50  This  Bed  yielded  a  feeder  of  Saturated  Brine  which  is  still  flowing. 

58  At  1,340  feet  the  hole  was  contracted  from  6  inches  diameter  to  4^ 

inches  diameter. 

59  Base  of  the  Magnesian  Limestone. 

63  Coal  Measures  supposed  to  commence. 

67  This  Coarse  Sandstone  has  a  ver}'  close  resemblance  of  the  North* 
imiberland  70  fathom  post. 

87  Fire-clay  is  mixed  with  this  White  Sandstone. 
101  Tested  by  Hydrochloric  Acid. 
Ill  Very  soft  and  friable  Stone. 

This  boring  originally  begun  in  search  of  the  salt  beds, 

which'  were  found  to  be  absent  here,  was  continued  in  the 

hope  of  piercing  workable  coal  seams,  and  unfortunately 

had  to  he  abandoned  after  entering  the  Coal  Measures,  owing 

to  the  lack  of  time  at  the  disposal  of  the  promoters. 


ERRATIC  BOULDERS,   AND   BOULDER   CLAY 
IN    CASTLE8HAW    VALLEY. 

By  Mr.  W.  Watts,  F.G.S. 

On  the  6th  June,  1888,  I  read  a  communication  to  the 
Manchester  Geological  Society  on  "Erratics  and  Boulder 
Olay  on  the  Drainage  area  of  the  Oldham  Corporation 
^Waterworks/,  which  appeared  in  the  Transactions  of  1887-88^ 
page  584. 

The  ideas  expressed  in  that  communication  in  reference 
to  the  distribution  of  erratics  and  boulder  clay  in  Castleshaw  ' 
valley,  I  wish  to  confirm.     I  have,  however,  found  a  greater 
XLomber  and  variety  of  boulders  than  I  anticipated,  but  my 
remarks  about  clay  hold  good. 
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"  times  felt  it  against  the  back  of  the  hands  very  similar  to 
"  cold  air  being  blown  through  the  stem  of  a  tobacco  pipe. 
"  The  next  time  I  find  any  of  those  little  '  pipes  *  I  will 
"  carefully  listen.  The  fact  is  we  always  keep  our  mouths 
"  as  far  as  possible  from  it." 

The  issue  of  this  gas  in  this  mine  had,  I  find,  been  pre- 
viously noticed  by  Dr.  Foster,  who  had  it  tested,  and  it 
proved  to  be  carbonic  acid,  or  what  the  chemist  called  by 
the  new  name  carbonic  anhydride. 

It  is  important,  therefore,  to  have  this  further  assurance 
that,  when  the  presence  of  the  gas  is  indicated  by  the  flame 
of  a  candle  or  a  lamp  becoming  dimmed  or  extinguished, 
there  should  not  be  any  waiting  to  hear  sound,  as  the  in- 
halement  may  very  suddenly  prove  fatal  to  life. 

The  percentage  of  carbonic  acid  which  proves  fatal  to  life 
has  been  variously  stated  by  writers,  but  I  do  not  know 
that  it  has  ever  been  more  accurately  given  than  on  the 
high  authority  of  Dr.  R.  Angus  Smith,  the  chief  inspector 
of  alkali  works,  who  experimented  practically  on  the 
quantities  in  a  special  compartment  which  he  had  con- 
structed for  such  purposes. 

The  quantities  set  forth  by  him  in  evidence,  and  given  in  my 
annual  report  for  1865,  are  to  the  effect  that :  The  injurious 
proportion  is  so  small  that  only  u  quarter  of  one  per  cent,  of 
carbonic  acid  in  air  is  sufficient  to  make  a  workshop  be  con- 
sidered close ;  and  in  any  place  where  there  is  two  per  cent, 
or  less,  candles  are  extinguished ;  and  that  from  his  experi- 
ments he  believed  few  people  could  bear  four  per  cent,  of 
carbonic  acid  in  air  long,  and  that  it  would  be  rapidly  fatal 
to  some. 

The  thanks   of   the  meeting  having  been  voted  to  Mr. 
Dickinson  for  his  paper. 

Professor  Boyd  Dawkins  (who  w^as  in  the  chair  in  th^ 
temporary  absence  of  the  President)  said :  I  have  listened- 
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In  the  upper  reaches  of  the  valley,  clay  of  a  variable 
character,  colour,  and  thickness  has  been  met  with,  but  no- 
boulder  clay.  Lower  down,  however,  say  from  730  feet  to 
680  feet  above  the  sea,  finely  laminated  marl  or  mud  several 
feet  thick  extends  across  the  valley  under  the  gravel,  and  rises 
at  a  slight  inclination  towards  the  hills. 

This  marl  has  been  waited  from  the  surrounding  hiUs  and 
formed,  at  no  distant  date  geologically,  a  shallow  lake 
bottom.  In  places  the  laminae  do  not  exceed  1-1 6th  of  an 
inch  in  thickness,  and  between  some  of  the  layers  a  bur- 
nished film  of  a  dull  red  substance  exists. 

I  have  prepared  a  section,  which  illustrates  these  remarks 
better  than  my  words. 

On  the  rising  slopes  up  above  or  about  the  top  water 
level  of  this  supposed  ancient  lake,  yellow  plastic  brick  or 
potter's  clay  is  found.  The  thickness  is  irregular  and  dis- 
oonnected,  but  this  may  be  expected  in  hilly  districts  subject 
to  rainwash  and  infiltration. 

As  far  as  I  am  aware  in  neither  of  these  clays  have  any 
erratic  boulders  been  found. 

These  are  the  only  clays  discovered  above  the  680ft. 
ordnance  datum,  and  I  do  not  expect  any  other  kind  will  be 
:found  above  Delph  in  Castleshaw  valley. 

It  would  appear,  therefore,  that  the  main  features  of  the 
valley,  or  at  all  events  the  superficial  deposits  found  in  it, 
Hre  of  post-glacial  date.  With  regard  to  the  conversion  of 
day  from  shale,  this  valley  offers,  in  places,  unique 
examples.  Shale  clay,  however,  is  never  more  than  a  few 
:f eet  in  thickness.  It  goes  no  deeper  than  the  rainwater  can 
percolate  and  sun-heat  find  its  way.  An  examination  of 
%liale  clays  in  situ  tells  us  which  kind  of  shale  is  suitable'  for 
the  manufacture  of  bricks  aud  various  sorts  of  pottery  and 
terra-cotta.  The  black  colouring  matter  in  shales  is  simply 
changed  vegetable  matter  as  mineral  oil  is  changed  coal. 
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Professor  Dawkins  :  I  would  not  undertake  to  say  what 
it  was. 

Mr.  Garside  :  In  one  of  our  mines  we  have  had  a  strong 
feeder  of  water ;  it  comes  through  the  fissures  in  the  rock ; 
and  yesterday,  when  in  that  particular  place,  I  could  hear  a 
great  noise — I  should  think  30  or  40  yards  away.  I  thought 
at  first  it  might  have  been  gas,  and  I  tried  for  it  verj' 
minutely,  but  could  not  find  a  particle,  still  the  noise  con- 
tinued. There  had  been  a  pressure  of  water,  and  the  water 
was  then  breaking. 

Professor  Dawkins,  in  reply  to  a  question,  said  it  was 
difficult  to  examine  very  minutely,  but  he  believed  the 
carbonic  acid  met  with  in  the  Foxdale  mine  issued  from 
cracks. 

Mr.  Dickinson  :  I  quite  concur  with  you  that  the  pressure 
of  the  gas  might  be  due  to  the  chemical  decomposition  of 
some  minerals.     It  is  quite  a  common  thing  in  some  copper 
mines  to  find  the  heat  of  the  workings  very  considerably 
higher  than  what  is  duo  to  the  depth  from  the  surface ;  and 
that    this    decomposition   is   going   on   is   quite   apparent, 
as  in  some  instances  minerals  are  obtained  from  the  water 
by  precipitation,  so  that  all  iron  work,  such  as  tramways 
on  the  floor,  and  all  the  pump  trees  have  to  be  carefully 
isolated   from   this   water,    the   pump    trees   by   an    inner 
casing  of  wood,  and  the  rails  by  being   raised   up   above 
the  level  of  the  water.     If  an  unfortunate  person  happens 
to   go   in   with  nails  in  his  boots  he  will  very  soon  find 
that  his  boots  have  been  spoiled.     This  decomposition   is 
quite  common  in  copper  mines,  and  in  one  instance  which 
I  quoted  in  one  of  my  reports  there  was   nearly  being  a 
very  serious  explosion  in  consequence  of  this  precipitation 
going  on.     It  was  in  the  precipitating  copper  from    the 
water  in   a  very  close  part   of  one  of   the   mines,   where 
there  was  no  ventilation,  and  but  for  incidentally  noticing 


269 

under  our  notice  you  see  we  have  a  set  of  remains  as  higli  as 
from  700ft.  to  oOOft.     Some  three   or  four  years   ago  I 
happened  to  be  examining  the  Todmorden  reservoir,  and  as 
far  as  I  can  remember,  at  about  1,000ft.  (I  cannot  be  absolutely 
certain  of  the  accuracy  of  the  figure),  there  was  a  well-defined 
deposit  of  clay  in  the  valley,  sufficiently  good  to  be  made  use 
of  for  the  puddling  trench ;  and  in  a  great  many  other  cases 
higher  up  on  the  hills  close  to  Woodhead,  for  instance — just 
on  the  other  side  of  Woodhead  tunnel — I  have,  in  the  course 
of  various  engineering  works  with  which  I  have  been  con- 
nected, seen  the  same  sort  of  thing ;  and  the  general  im- 
pression left  on  my  mind  is  that  originally  the  greater  por- 
tion, if  not  all,  of  the  Pennine  Chain  was  covered  with  these 
boulder  drift  deposits,  and  that  owing  to  its  being  lifted  sa 
much  above  the  sea  level  afterwards,  the  various  atmospheric 
agencies  have  carried  most  of  them  away,  leaving  merely 
isolated  masses  on  the  slopes,  and  the  boulders  behind,  which 
are  exceedingly  widely  spread  in  certain  places,  at  a  con- 
aiderable  altitude.     I  need  hardly  say  that  it  is  of  very  great 
practical  engineering  service  to  know  of  these  superficial 
beds  in  the  upland  valleys,  for  one  knows  what  a  lot  of 
trouble  is  experienced  by  waterworks  engineers  by  meeting 
with  such  a  bed  of  sand  as  Mr.  Watts  has  described.     Once 
und  over  again  I  have  seen  frightful  expenditure  incurred 
\yy  these  fiUed-up  valleys  being  hit  upon,  in  various  engineer- 
ings works,  in  making  puddle  trenches  and  the  like.     I  have 
listened  with  much  pleasure  to  what  Mr.  Watts  has  had  to 
^ay  on  these  points.     With  regard  to  the  boulders  he  has 
l>rought  for  our  inspection,  there  are  some — one  particularly 
which  I  hold  in  my  hand — which  have  come  presumably 
from  the  same  district,  that  is  from  Cumberland  or  West- 
morland, like  the  great  boulder  now  exhibited  in  the  Quad- 
rangle at  Owens  College.     This  one  is  of  the  same  material,. 
namely 9  andesite. 
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chiefly  for  the  Royal  Commissioners  then  sitting  on  mines 
not  within  the  scope  of  the  Coal  Mines  Regulation  Act. 

A  Member  pointed  out  that  the  difference  in  the  per- 
centages might  have  been  brought  about  by  the  different 
degrees  of  purity  of  the  carbonic  acid  experimented  with. 
With  pure  carbonic  acid,  such  as  Dr.  Angus  Smith  no  doubt 
was  dealing  with,  the  quantity  which  would  prove  fatal 
might  be  very  small ;  but  in  mines  the  gas  was  not,  in  his 
experience  at  all  events,  very  pure.  He  should  think  the 
great  defect  in  the  air  had  been  rather  the  y^ant  of  oxygen, 
as  Mr.  Grundy  put  it. 

Mr.  Grundy  :  In  several  instances  I  have  put  my  head  in 
a  place  where  the  candle  has  been  suddenly  quenched  with- 
out the  gas  affecting  myself ;  in  other  cases  I  have  held  the 
candle  or  lamp  about  two  feet  above  the  floor  and  held  it  till 
the  light  has  died  out,  without  feeling  any  effects.  I  have 
done  that  two  or  three  times  in  one  day.  In  some  cases  I 
have  been  touched  a  little  by  it. 

Mr.  Dickinson:  If  a  person  puts  his  head  into  or  continues 
in  a  strong  mixture  of  that  kind,  when  it  puts  a  light  out,  he 
is  running  a  great  risk,  such  as  I  have  known  to  prove  fatal. 
That  it  is  not  entirely  due  to  the  absence  of  oxygen  can  be 
proved  by  making  a  drill-hole  into  old  workings ;  when, 
if  you  place  your  lamp  above  the  hole,  the  light  will  not  be 
affected,  but  if  you  place  it  below,  you  find  it  immediately 
extinguished.     The  gas  pours  out  much  the  same  as  water. 

Mr.  Grundy  :  In  the  case  I  mentioned  I  do  not  want  ifc 
to  be  understood  that  I  thought  there  was  no  carbonic  acid* 
I  felt  quite  certain  there  was,  and  I  found  evidence  of  it 
in  the  roadway  as  well,  because  proceeding  along  with  th© 
light  the  effect  was  just  as  though  some  one  had  brushed  the? 
flame  aside  with  the  hand.  The  atmosphere  of  the  min^ 
was  so  thick  it  was  almost  like  carrying  the  candle 
through  treacle.     If  I  had  walked  at  a  rapid  pace  the  lights 
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would  have  been  put  out  by  the  flame  being  brushed  off*  the 
wick  by  the  dense  atmosphere.  Others  who  were  in  the 
mine  besides  myself  were  comparatively  little  affected,  even 
when  the  candle  went  out.  I  simply  mention  that  as  showing 
that  carbonic  acid  was  there,  but  that  some  of  the  effects  on 
the  candle  were  apparently  due  to  want  of  oxygen. 

A  Member  remarked  that  a  lamp  would  go  out  under  such 
circumstancel^  sooner  than  a  candle,  especially  a  bonneted 
lamp. 


NOTE  ON  THE  SEATON  CAREW  BORING. 
By  Mr.  W.  J.  Bird,  M.E. 


In  the  absence  of  Mr.  Bird,  Mr.  Stirrup  (Hon.  Sec.)  re- 
ported that  it  would  probably  be  remembered  that,  in  the 
paper  read  by  Mr.  Bird  to  the  Society  some  twelve  montha 
ago,  the  details  of  the  boring  at  Seaton  Carew  had  been  given 
up  to  16th  July,  1888  (See  Transactions,  Volume  XIX,,  page 
564J  •  The  boring  was  continued  until  a  depth  of  1,814ft.  Gin. 
had  been  reached,  when  it  had  to  be  discontinued  owing  ta 
a  mishap,  but  more  to  the  lapse  of  time,  as  Messrs. 
Caseboume  and  Bird,  were  bound  to  have  brine  pumps  fixed 
in  the  borehole  by  a  certain  date. 

In  a  letter,  dated  11th  May,  1889,  Mr.  Bird  writes  : — 
**  We  have  now  decided  not  to  prosecute  the  Seaton  Carew 
boring  any  further.  At  a  depth  of  l,814Jft.  the  tool 
jammed,  and  we  have  never  been  able  to  release  it.  Wo 
were  compelled  by  our  agreement  to  put  in  brine  pumps  by 
a  certain  date,  so  we  could  wait  no  longer.  To  make  up  for 
the  indefinite  character  of  the  boring  results  we  have  deter- 
mined to  bore  at  Hart,  half  wav  between  Seaton  Carew  and 
the  most  south-eastern  colliery  in  the  Durham  coal  field.  I 
expect   we  shall  start  about  the  end  of  the  month.     The 
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British  Association  may  probably  have  one  excursion  to  this 
boring  at  their  Newcastle  gathering." 

The  continuation  of  the  Section  from  the  16th  July,  1888, 
to  the  close  of  the  boring  is  here  appended : — 


90 
^1 

92 
9.i 
94 
9.3 
90 
97 
9S 
90 
00 
01 
02 
03 
04 
05 

0(; 

07 

0; 
0!) 
10 
11 
12 
I'i 
14 
lo 
16 
17 
18 


ft.  in. 

Dark  Grey  Sandstone 6    0 

>)  ))         3    6 

Black  Shale      7    0 

BlackShale,  with  beds  of  Dark  Grey  Sandstone  6    6 

Black  Shale 6    0 

Black  Shale,  with  beds  of  Grey  Sandstone. .     7  11 

1 
0 
0 
0 
9 
6 
3 
6 
6 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 


Coal  and  Shale 0 

Dark  Brown  Fire-clay 2 

Dark  Grey  Sandstone 6 

Dark  Shaly  Sandstone 5 

Yellow  Sandstone        8 

Coarse  Light  Grey  Sandstone       16 

Hard  Yellowish  Sandstone  with  Lime  Veinule  2 

Coarse  Light  Grey  Sandstone 3 

Coarse  Grey  Sandstone 1 

Dark  Grey  Shaly  Sandstone      1 

BlackShale      8 

Dark  Grey  Sandy  Shale     

Dark  Blue  Shale      

Black  Shalo 

Dark  Brown  Shale 

Grey  Shady  Sandstone       

Coarse  Groy  Sandstone,  with  Coal  Scars    . 

Dark  Grey  Shaly  Sandstone      

Yellowish  Shaly  Sandstone 6 

Dark  Shaly  Sandstone        8 

Black  Shale      24 

Grey  Sandstone,  with  beds  of  Black  Shale. .  10 

Coarse  Grey  Sandstone,  with  Black  Joints. .  10 

Grey  Sandstone 14 


3 

4 

3 

10 

24 

5 


NOTES  ON  BOEING  SECTION. 


ft.    in. 
1600    0 

160S  6 
1610  6 
1617  0 
1623   0 

1630  U 

1631  0 
1633 
1639 
1644 
1652 
1669 
1671 
1675 
1676 
1678 
1686 
1689 
1696 
1700 
1703 
1713 
1737 
1742 
1748 
1756 
1780 
1790 
1800 
1814 


0 

0 

0 
9 
3 


6 

0 

6 

0 
0 
0 


4 

c 


No. 


27  This  **  Botten  Marl"  Bed  is  the  usual  cover  of  the  Rock  Salt  Bed 
of  South  Durham. 
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30  limestone  contaimng  42*35  per  cent.  Carb.  of  Magnesia. 

33  From  this  '*  Dark  Blue  Shale  "  there  was  a  slight  feeder  of  Bock 
Oil,  and  a  strong  feeder  of  Sulphur  Water  similar  to  the  Croft 
Spa  Water  and  which  overflowed  at  the  surface  when  work  was 
suspended  for  a  time. 

38  Limestone  containing  44*40  per  cent.  Carb.  of  Magnesia. 

50  This  Bed  yielded  a  feeder  of  Saturated  Brine  which  is  still  flowing, 

58  At  1,340  feet  the  hole  was  contracted  from  6  inches  diameter  to  4| 

inches  diameter. 

59  Base  of  the  Magnesian  Limestone. 

63  Coal  Measures  supposed  to  commence. 

67  This  Coarse  Sandstone  has  a  very  close  resemblance  of  theNorth- 
imiberland  70  fathom  post. 

87  Fire-clay  is  mixed  with  this  White  Sandstone. 
101  Tested  by  Hydrochloric  Acid. 
Ill  Very  soft  and  friable  Stone. 

This  boring  originally  begun  in  search  of  the  salt  beds^ 

which'  were  found  to  be  absent  here,  was  continued  in  the 

hope  of  piercing  workable  coal  seams,  and  unfortunately 

had  to  be  abandoned  after  entering  the  Coal  Measures,  owing 

to  the  lack  of  time  at  the  disposal  of  the  promoters. 


ERRATIC   BOULDERS,   AND   BOULDER   CLAY 
IN    CASTLESHAW    VALLEY. 

By  Mr.  W.  Watts,  F.G.S. 

On  the  5th  June,  1888,  I  read  a  communication  to  the 
Manchester  Geological  Society  on  "Erratics  and  Boulder 
Olay  on  the  Drainage  area  of  the  Oldham  Corporation 
Waterworks,"  which  appeared  in  the  Transactions  of  1887-88, 
page  584. 

The  ideas  expressed  in  that  communication  in  reference 
to  the  distribution  of  erratics  and  boulder  clay  in  Castleshaw   ' 
valley,  I  wish  to  confirm.     I  have,  however,  foimd  a  greater 
number  and  variety  of  boulders  than  I  anticipated,  but  my 
remarks  about  clay  hold  good. 
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Silurian  Grits,  Syenites,  and  Andesites  are  the  most 
numerous  class  of  boulders  collected  in  the  valley. 

The  list  includes  an  interesting  collection,  and  I  trust  ere 
my  duties  in  the  valley  cease,  others  will  be  added. 

The  Granites  are  round  and  smooth,  and  the  Silurian  Grits 
subangular. 

Striated  surfaces  are  the  exception  and  not  the  rule.  The 
only  boulder  distinctly  striated  being  a  Silurian  Grit  about 
ten  inches  by  six. 

With  the  exception  of  No.  8  in  my  former  list  the  largest 
boulders  are  the  Syenitei^,  two  of  which  I  found  in  Lee 
Clough  856  feet  above  ordnance  datum,  which  measured 
2ft.  by  1ft.  8in.  by  1ft.  4in.,  and  1ft.  lOin.  by  1ft.  5in.  by 
1ft.  5in.  respectively.  These  erratics  reposed  on  the  margin 
of  the  stream,  and  doubtless  had  been  washed  down  from  a 
higher  elevation.  Most  of  them,  however,  are  isolated,  and 
lie  buried  in  a  coarse  clayey  matrix,  beneath  the  reasserted 
river  gravel  brought  down  from  the  hills  in  a  swollen  state 
of  the  stream. 

The  evidence  which  we  possess  of  the  glacial  epoch  in 
this  valley  is  derived  from  the  boulders  we  find  in  it.  The 
whole  of  the  superficial  deposits  are  derived  from  the  waste 
of  the  surrounding  hills,  subsequent  to  their  uprising  from 
beneath  the  sea,  and  the  erratic  blocks,  in  my  opinion,  offer 
evidence  of  former  glaciation,  either  from  the  transformation 
of  the  sea  bottom  into  land,  or  an  ice-sheet  moving  over  it. 

I  am  not  competent  to  judge  which,  but  I  can  readily 
understand  that  the  foreign  stones  found  in  the  valley  may 
be  the  fragments  only  of  larger  ones,  which  have  been 
broken  up  by  subaerial  agencies,  and  transported  into  the  sea. 

In  all  drainage  areas  in  England  we  are  more  familiar 
with  water  than  of  ice,  and  wc,  therefore,  recognise  its 
action.  But  if  we  lived  in  Switzerland  we  should  recognise 
with  equal  certainty  the  action  of  ice. 
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In  the  upper  reaches  of  the  valley,  clay  of  a  variable 
character,  colour,  and  thickness  has  been  met  with,  but  no- 
boulder  clay.  Lower  down,  however,  say  from  730  feet  to 
680  feet  above  the  sea,  finely  laminated  marl  or  mud  several 
feet  thick  extends  across  the  valley  under  the  gravel,  and  rises 
at  a  slight  inclination  towards  the  hills. 

This  marl  has  been  wasted  from  the  surrounding  hills  and 
formed,  at  no  distant  date  geologically,  a  shallow  lake 
bottom.  In  places  the  laminae  do  not  exceed  l-16th  of  an 
inch  in  thickness,  and  between  some  of  the  layers  a  bur- 
nished film  of  a  dull  red  substance  exists. 

I  have  prepared  a  section,  which  illustrates  these  remarks 
better  than  my  words. 

On  the  rising  slopes  up  above  or  about  the  top  water 
level  of  this  supposed  ancient  lake,  yellow  plastic  brick  or 
potter's  clay  is  found.  The  thickness  is  irregular  and  dis- 
connected, but  this  may  be  expected  in  hilly  districts  subject 
to  rainwash  and  infiltration. 

Aj9  far  as  I  am  aware  in  neither  of  these  clays  have  any 
erratic  boulders  been  found. 

These  are  the  only  clays  discovered  above  the  680ft. 
ordnance  datum,  and  I  do  not  expect  any  other  kind  will  be 
found  above  Delph  in  Castleshaw  valley. 

It  would  appear,  therefore,  that  the  main  features  of  the 
valley,  or  at  all  events  the  superficial  deposits  found  in  it, 
are  of  post-glacial  date.  With  regard  to  the  conversion  of 
clay  from  shale,  this  valley  offers,  in  places,  unique 
examples.  Shale  clay,  however,  is  never  more  than  a  few 
feet  in  thickness.  It  goes  no  deeper  than  the  rainwater  can 
percolate  and  sun-heat  find  its  way.  An  examination  of 
shale  clays  in  situ  tells  us  which  kind  of  shale  is  suitable'  for 
the  manufacture  of  bricks  and  various  sorts  of  pottery  and 
terra-cotta.  The  black  colouring  matter  in  shales  is  simply 
changed  vegetable  matter  as  mineral  oil  is  changed  coal. 
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LIST    OF    ERRATICS  FOUND    IN    CA8TLESHAW 

VALLEY. 


No. 

Spbcibs  of  Bouldbks. 

1 

Andesite,  Borrowdale  Series  P 

2 

Agglomerate,  Borrowdale  Series  P 

3 

Ryolite,  probably  devitrified  P 

4 

Sandstone,  re-crystallised  externally. 

6 

Quartzite,  from  the  Pebble-beds. 

6 

Granite,  DalbeatieP 

7 

Andesite,  same  as  Oxford  Road  Boulder. 

8 

Syenite,  coarse-grained. 

9 

Silurian  Grit. 

10 

Black  Cherty  Limestone. 

11 

Limestone  Conglomerate. 

12 

Quartzite. 

13 

Iron  Ore. 

The  first  seven  specimens  have  been  named  for  me  V 
Mr.    Kendall,    of  Owens  College,    to   whom    I  return  mj 
warmest  thanks.     The  rest  I  have  named,  being  well-knowr:^ 
specimens. 


Professor  Davvkins,  in  moving  a  vote  of  thanks  to  Mr-- 
Watts,  said  the  paper  was  one  of  a  kind  always  welcome,  as^ 
evidencing  great  accuracy  of  observation  in  the  matters  re- 
ferred  to.     The  motion  was  recorded  and  passed. 

Professor  Daavkins  said  :  I  should  like  to  say  that  off  and 
on,  in  the  course  of  my  work,  I  have  been  brought  face  to 
face  with  the  fact  that  these  boulder  clays  and  erratics  extend 
to  a  much  greater  altitude  in  the  Pennine  Chain  than  you 
generally  find  it  stated  in  books ;  and  in  the  case  brought 
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OLDHAM   COKPORATION    WATERWORKS. 


OBSERVATIOXS,    VIETROR^ ,—Co»timii>d. 

Date 

Hour. 

Tempehatuke. 

Df^TTiRrlrii  ATI   VVpaflim* 

1889. 

Air. 
41-6 

Water. 

■A^\^u.ICIr&  AO    \JaX      TV  CCvkUwA  • 

April     I 

9  a.in. 

39-9 

SUght  Bain  and  Dull  N.W. 

„        2 

>> 

38-9 

39-6 

Fine  and  Clear            N.W. 

„        3 

>» 

37-9 

38-9 

Pine  and  Dull              S.W. 

„        4 

1) 

45-7 

40-1 

Slight  Rain  and  Snow    S.E. 

„        5 

»» 

40-3 

401 

Heavy            „                  E. 

„        6 

)* 

41-9 

40-2 

»»                >»                 E. 

»» 

36-6 

40-3 

>»                 >»                 E. 

„        8 

91 

36-9 

400 

i»                >»                 E. 

„        9 

»» 

36-8 

39-9 

Slight  Rain  and  Dull       E. 

„      10 

»» 

39-3 

39-7 

M                 »>                   E. 

„      11 

«» 

39-1 

39-9 

,,                ,,   Snow      E. 

„      12 

}f 

40-7 

1      401 

Slight  Rain  and  Hail    N.E. 

„       13 

»> 

40-8 

40-0 

,,               ,,            N.E. 

,.       14 

>» 

37-5 

39-6 

Slight  Snow  FaU          N.E. 

,.       15 

>» 

41-3 

40-0 

Fine  and  Clear                W. 

„       16 

>» 

45-3 

40-1 

Dull              S.W. 

„    n 

»» 

490 

41-3 

W 

„      18 

>» 

48-3      i 

41-8 

Clear            N.W. 

,.      19 

»» 

45*7      i 

420 

Dull              S.W. 

.,      20 

»> 

47*2 

41-9 

Slight  Rain  and  Dull      W. 

,.      21 

40-5      1 

41-9 

W 

»»                >»                 '» • 

,.      22 

44-7 

41-9 

Heavy  Rain  and  Hail  S.W. 

„      23 

43-2 

41-8 

Fine  and  Clear             S.W. 

,.      24 

40-9      ' 

41-9 

Heavy  Rain  and  Hail  N.E. 

„      25 

420 

42-0 

Slight               „            N.E. 

„      26 

46-0 

42-1 

Fine  aufl  Clear             S.W. 

„      27 

470 

43-4 

Heavy  Rain                       S. 

,.      28 

51-3 

43-3 

Fine  and  Clear             S.W. 

„      29 

48-3 

43-6 

Heavy  Rain                       S. 

>,      30 

4ol 

I 

43-5 

Slight     „                      N.E. 

270 

The  President  said  he  quite  agreed  with  Professor 
Dawkins  that  Mr.  Watt's  paper  was  of  a  kind  which  was 
most  valuable,  and  to  be  relied  on  for  its  facts. 

Mr.  Dickinson  :  I  should  like  to  ask  the  author  of  the 
paper  and  the  learned  Professor  whether  in  all  their  exami- 
nations of   the  boulders  which  they  have  met — ^and  they 
seemed  to  have  been  very  numerous — they  had  not  observed 
that  in  some  boulders  there  was  not  the  same  stratification  to 
be  found  as  there  was  in  the  rocks  when  in  situ.   It  is  a  thing 
which   may  throw  some   light  on   the  formation  of  these 
boulders  and  gravels.     It  might  also  be  considered — what 
gives  the  rounded  or  brecciatod  form  to  hail  P — of  which  we 
had  a  good  illustration  in  this  district  on  Sunday  last ;  and 
why,  if  you  give  a  stone-breaker  pebbles  to  break  up,  he 
will  charge  so  much  more  per  cubic  yard  for  breaking  them^ 
than  if  you  gave  him  masses  of  rock  hewn  out  of  the  quarrjr  - 

Mr.  Waits  :  I  am  not  quite  sure  that  I  understand  Mn  - 
Dickinson's   remarks.      I   may  say  that   the  boulders  ar^E3 
rounded  by  the  action  of  water  and  of  atmospheric  agencie  ^ 
in  general.     The  other  enquiries  perhaps  Professor  DawkiiL      - 
will   answer   better   than   I  can.      With  reference  to  th- 
breaking  up  of  granitic  boulders,  I  may  say  that  I   hav 
had  considerable  experience   of  stone-breakers,  and  if 
boidders  are  of  suitable  size  for  the  machine,  my  expcriem 
tells  me  that  a  hard  boulder  is  broken  much  more  readil;^  —  ^ 
than  a  soft  one.     We  have  three  stone-breakers  at  work. 

Mr.   Dickinson  :    I   was  speaking  of   the   breaking 
hammer. 

Mr.  Waits  :  Of  course,  in  breaking  by  hammer,  grani^ 
boulders  cost  a  great  deal  more  than  sand-stone. 


OLDHAM    CORPOBATION    WATERWOIIKS. 


OliSEIiVATIONS,   DEN8HA.W- 


Date 
18S9. 

.  Hour. 

Tempi 

^T.«M. 

Bemarks  on  Weather. 

Air. 

Water. 

Jan.       1 

9a.in. 

37-2 

36-3 

Fine  and  Ihill 

8.W. 

2 

35-8 

364 

S.W. 

3 

33-5 

36-7 

Bloak, Frosty,* Murty  S.W. 

4 

30-4 

36-6 

W. 

,       5 

300 

370 

S.W. 

.       6 

28-2 

36-8 

N.W. 

7 

33-4 

36-6 

Thick  For  and  Oold 

S.W. 

,        8 

36-7 

370 

Cold  Wind  and  DuU 

S.W. 

.        9 

430 

37-4 

.,    Stormy 

8.W. 

,      10 

35-6 

37-1 

„    Fine 

N.W. 

.      11 

35-2 

37-3 

N.W. 

,      12 

320 

371 

Sleet  and  FroBty 

E. 

,      IS 

34-2 

370 

N.B. 

.      14 

360 

36-8 

ColdWindandFroety 

N.E. 

.      IS 

.  338 

36-6 

N.E. 

.      16 

33-0 

365 

„       Snow 

S.E. 

.      17 

371 

36-5 

Cold,  Thick  Fog 

S.W. 

.      18 

460 

36-7 

ColdWind  ft  Stormy 

8.W. 

,       19 

36-2 

37  1 

8.W. 

,      20 

38-7 

37-2 

Fine  nnd  Cold 

N.E. 

,      21 

38-0 

37  0 

N.E. 

,      22 

34-2 

36-9 

Frosty 

E.W. 

.      23 

330 

360 

Frosty  and  Misty 

E.W, 

,      24 

400 

37-2 

Cold 

N.W. 

.      ^ 

403 

37-3 

Dull  and  Stormy 

W. 

»      26 

43-0 

37-5 

w. 

.     27 

32-6 

36-7 

Frosty  and  Cold 

E. 

.,     28 

38-2 

371 

Cold-Wind  &  Stormy 

8.W. 

.,     29 

42-3 

37-5 

S.W. 

.,     30 

37-2 

37-6 

S.W. 

,.     31 

44-4 

380 

W. 

AVERAGE  DAILY  TEMPERATURE. 


Datk 

PlETHORN. 

Dbmsbaw. 

1889. 

Air. 

Water. 

37-7 

Air. 

Water. 

January  .  . 

36-9 

36-3 

36-9 

February 

350           36-3 

33-6 

35-7 

March 

37-7            36-4 

36-6 

35-9 

April 

42-6            410 

41-6 

40-5 

May 

55-1 

511 

531 

51-2 

It   will  be   observed   that   both   the   air   and   water 
Piethorn  are  warmer  than  the  air  and  water  at  Densha*^^ 
althou«;h  the  two  stations  are  not  more  than  2^  miles  apa^^ 
as  the  crow  flies. 

The  average  temperature  of  the  air  is  warmer  than 
water,  at  both  stations. 

Piethorn  reservoir  nestles  more  in  the  heart  of  the  vallcr 
than  Dowry  reservoir,   at   Denshaw^,   and   in   atmospherC- 
temperature  exposure  has  much  to  answer  for. 

The  temperature  of  the  air  during  the  winter  month 
seems  not  to  have  been  abnormally  low  at  either  station 
The  minimum  reading  at  Piethorn  occurred  on  the  10th  o 
Febniarv%  and  on  the  9th  and  11th  of  the  same  month  a 
Denshaw,  when  7°  of  frost  were  registered. 

The  temperature  of  the  water  at  each  place  has  oscillat«<^ 
between  33°  and  61^, — a  tolerably  wide  range — but  no't^ 
exceptional  for  water  from  moorland  drainage  areas. 

Deep-seated  springs  range  from  37"*  to  40®,  according  to 
volume  and  seasonal  changes. 

In  the  higher  reaches  of  the  Pennine  Chain  the  streamlets 
are  small,  and  the  water  flowing  along  them  is  frequently 
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OBSEKTATIONS,   DBN8HAW.- 


^^ 

TsXPIRATIiKR- 

Hour. 

BemiukB  oa  Weather. 

1880. 

Air. 

Water. 

Huchl 

&ft.m. 

28'2 

34-8 

Keen  Prort  and  Snow  N.BL 

..      2 

28-3 

33-9 

Fine       B. 

..      3 

291 

33-8 

B- 

..      ■* 

28-3 

33S 

B- 

..      * 

28-6 

34-1 

a. 

,.     6 

33-1 

34-6 

.,        .,               ..     8.W. 

,.      T 

330 

34-3 

E. 

.,      8 

33-2 

34-4 

Rough,  Snow  Storms  N.E. 

„      B 

351 

34-4 

Keen  Frost  and  Fine       N. 

..    10 

340 

34-5 

„        ,.               ,.     S.W. 

,.    11 

332 

34-3 

DnU  and  Stormy          N.E. 

..    12 

35-8 

346 

W. 

„    13 

415 

35-2 

Fine                 W. 

..    » 

410 

957 

Frorty  and  Cold         N.W. 

.,    16 

34'5 

35'6 

E- 

-.    16 

40-5 

36-0 

Dull  and  Cold  Wind       W. 

. .  n 

424 

36-4 

Stormy             W. 

,    18 

39-8 

36-8 

S. 

,    19 

39-9 

36-9 

B. 

.    30 

340 

370 

Snow             „               N.W. 

.    !1 

32-3 

36-2 

Keen  Fmet  and  Fine  N.E. 

.    22 

310 

35-9 

N.W. 

.    33 

370 

36-4 

Dull  and  Stormy             W. 

.     34 

45-7 

37-0 

w. 

.     23 

459 

37-6 

w. 

.     26 

38-7 

37-9 

FiBO  and  Frosty         N.W. 

.     27 

350 

37-5 

Frosty  and  Cold  Wind  N.W. 

.    2B 

35-5 

37-8 

8.W. 

.,    29 

490 

38-3 

Dull  and  Pine                 W. 

>.   30 

45-7 

390 

Stormy            W. 

..    31 

480 

39-3 

w. 
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OBSERVATIONS  PIETHORN. 


Jb 

Data 

Tbuperitdsv. 

Kemarks  on  We> 

tier. 

IS89.     1    

Air. 

Water. 

n.      1  1    Qo-m. 

370 

39-0 

Pine,  very  Foggy 

W. 

■        2  j 

36-0 

39-0 

N.V. 

3  , 

350 

37-0 

8.W. 

4 

30-2 

37-9 

Fine  and  Qear 

8.W. 

a  : 

30-4 

36-7 

w. 

6  ; 

290 

36-4 

Fine  and  Foggy 

W. 

7  ' 

35-1 

36-9 

,, 

w. 

8 

37  0 

3--3 

Dull 

S.W. 

9 

-i2-j 

390 

S.W. 

10 

37G 

37-8 

Fine,  very  clear 

N.W- 

11 

35-2 

37-4 

S.E. 

12  i 

33-0 

37-8 

Sleot  ujul  Itain 

B- 

13 

36-3 

37-4 

Bain  and  Dull 

N.B- 

14 
13 

380 

33'I 

37  1 
36-9 

Pine 

N.B- 

16 

340 

37-4 

Snow  StoniiH 

X.E3 

17 

37  0 

37-3 

Fine  and  Dull 

s.yr 

18 

3G'3 

38-0 

Bain 

s.vr 

19 

3S'4 

37-8 

Fire 

s.vr' 

20 

39-0 

38-0 

N.E3 

21 

38'8 

37-8 

Fine  and  Clear 

■  ■  N.E= 

22 

3J2 

37'1 

■  N.s: 

23 

34  8 

37-4 

Fine  and  Foggy 

v^ 

21 

40'0 

37-9 

.,        DiUl 

fi.v^ 

25 

410 

380 

N.lV^ 

26 

43'4 

33-fi 

Rain  and  Dull 

N.HW 

27 

31-0 

380 

Fine  and  Clear 

N.fc= 

28 

401 

379 

..         Foggy 

8.1^— 

29 

44-0 

38 '6 

Eain  and  Dull 

S.\« 

30 

38-9 

S7-9 

8.\« 

31 

4J-0 

39-0 

S.1-* 
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OBSERVATIONS,    DEl^SHAW, -^Continued. 


Di 

)9. 

TTnTir 

TsMPBKATtJBB. 

Hemarks  on  Weal 

*nAv. 

18( 

XXvlr&A  • 

Air. 

Water. 

tSwT, 

May 

I 

9  a.m. 

43-1 

43-7 

Cold  WindandStormy  S.W. 

2 

520 

44  0 

Fine  and  Warm 

E. 

3 

\      490 

44-3 

>»              »» 

8. 

4 

i      57-6 

45-2 

»>              It 

8.E. 

5 

, 

50-4 

460 

it             »> 

S.E. 

6 

52-3 

47-3 

»♦             »» 

E. 

7 

51-5 

480 

Dull  and  Stormy 

E. 

8 

501 

48-6 

Fine  and  Dull 

S. 

9 

48-5 

49-2 

Dull  and  Stormy 

E. 

10 

49-8 

49-5 

>>                »» 

W. 

11 

46-9 

49-2 

»»                »» 

W. 

12 

490 

49-3 

»»                ♦» 

E. 

13 

46-4 

49-5 

tt                ») 

E. 

14 

45-0 

490 

Fine  and  Warm 

E. 

15 

49-8 

49-4 

»»                »» 

S.E. 

16 

560 

501 

>>                »» 

E. 

17 

490 

50-5 

Fine  and  Dull 

E.W. 

18 

57-3 

51-3 

»>              »» 

W. 

19 

560 

52-2 

Fine  and  Warm 

E. 

20 

61-2 

541 

»»                »» 

E. 

21 

64-4 

560 

i»                >» 

E. 

22 

70-0 

57-4 

Showery,  Thunder 

S. 

23 

64-9 

59-5 

>»                »» 

W. 

24 

61-5 

610 

»»                »» 

S.W. 

f» 

25 

55-5 

59-4 

»»               f » 

w. 

ft 

26 

530 

58-3 

Dull  and  Fine 

E. 

99 

27 

48-4 

54-6 

,,             Stormy 

E. 

» 

28 

490 

530 

»»                 »» 

S.W- 

t* 

29 

51-8 

53-3 

Thunderstorms 

s. 

99 

30 

52-9 

53-2 

»» 

S.W. 

f» 

31 

53-2 

530 

»» 

S.W. 
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OBSEKVATIONS 

PIETHORN.— CoKfiiKHf. 

Dste 

Hour. 

TsMFRRintRB. 

[tcmarki  on  Wnthcr, 

1BB9. 

Air. 

WaUr. 

Uarcli  1 

9B.in. 

27-3 

33-1 

Snow  and  Dull           NX 

2 

28-8 

33-0 

Fine  and  Clear            S.K. 

;i 

28-0 

34-0 

E- 

4 
5 

29-0 
30-4 

34-4 
34-6 

Fine  and  DuU                3.B. 

6 

35-7 

34-8 

9. 

7 
8 
0 
10 

34-3 
360 
34-8 
33-3 

34-9 
351 
35-0 

34-n 

Slight  Snow  FaU          f-^' 

Heavy            „            S' 
Fine  and  Clear              l3' 

11 
12 
13 
H 
IS 
16 

38-2 
43-3 
43-3 
390 
355 
41-3 

34-.4 
34-9 
33-9 
36-3 
360 

Bain  anil  Dull             &^ 

^' 

Pine  and  Clear           F^- 

Fine  anrl  Dull              I-*" 

18  1 

4-5 
39-6 

37-0 
37-0 

Bain            „               T^ 

1» 

20  ! 

•    21  ; 

22 
23 

24 : 

42'0 
36-8 
33'6 
31-6 
■10-2 
47-0 

37-0 
35-4 
36-7 
35-3 
370 
38-4 

Fine  and  Clear                 - 
Snow  and  Bain            f^ 

,.     Dull       cr 

Slight  Snow  and  Dull  r" 
Pine  and  Dull              ^ 
Ruin        ,.                    i^ 

25 

440 

38-9 

2« 

39-8 

38-3 

FLue 

27 

37-0 

37-6 

Fin.- and  Clear                ::! 

28  1 

38-8 

38-2 

..        Dull                P*- 

29  . 

30  1 

j      Hi 
46-5 

39'8 
400 

filight  lUin  and  DuU     »  ■ 
Fine  and  Dull               »  - 

31  1 

41-e 

400 

Slight  Bain  and  Dull    Ir^ 

285 


the  same  temperature  in  summer  and  winter,   while  in 
superficial  water  they  found  of  oourse  considerable  variation. 
The  meeting  then  adjourned  for  a  short  time. 


At  6-30  p.m.  the  members  re-assembled. 
Mr.  Saint,  one  of  Her  Majesty's  inspectors  of  mines,  was 
called  to  the  chair,  in  the  absence  of  the  President. 


SOME  NOTES  ON  THE  BARTON  SECTION  OF 
THE  MANCHESTER  SHIP  CANAL. 

By  Mr.  Charles  Roeder. 


The  Barton-upon-Irwell  section  of  the  ship  canal,  in  con- 
sequence of  various  valuable  discoveries  made  from  time  to 
time  bearing  upon  the  geology,  botany,  and  archaeology  of 
the  locality  in  general,  has  recently  attracted  an  unusual 
amount  of  public  attention.  Speculations  have  been  rife 
and  theories  and  hypotheses  have  been  advanced  to  soh  o 
some  of  the  problems  which  are  involved.  It  has  appeared 
to  me  worthy  of  interest  to  inquire  a  little  into  the  topo- 
graphy of  the  place  itself  and  its  immediate  neighbourhood, 
and  to  see  what  side  lights  could  be  thrown  by  an 
examination  of  ancient  records,  and  such  sources  of 
information  of  which  I  have  been  able  to  avail  myself,  and 
I  hope  the  evidence  afforded  by  an  examination  of  the 
various  material  I  have  to  bring  forward  will  assist  us  not 
a  Utile  to  arrive  at  some  conclusion  or  other  as  to  the 
po08ible  age  of  the  objects  which  have  been  found  during 
the  excavations  effected  at  Salt  Eye  and  Sticking  Islands. 

I  have  also  brought  some  of  the  older  maps,  which  will 
^ow  you  to  examine  the  change  of  direction  of  the  rivers 
Uid  watercourses  with  which  we  have  to  deal.  It  would 
liave  been  a  great  gain  if  I  could  have  had  access  to  the 
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A  vote  of  thanks  having  been  passed  to  Mr.  Watts. 

Professor  Dawkins  said  there  was  one  point  upon  which 
he  would  like  to  ask  a  question.  Mr.  Watts  said  that  the 
deep-seated  springs  had  a  temperature  ranging  from  37  to 
40  degrees.  That  was  contrary  to  all  his  (Professor  Daw- 
kins's)  experience  with  regard  to  deep-seated  springs.  The 
deeper  seated  the  spring,  as  a  rule,  the  warmer  was  the 
water,  and  it  was  so  universally  the  case,  so  far  as  he  knew, 
that  they  could  form  a  rough  counting  estimate  by  the 
temperature  of  the  water  as  to  the  probable  depth  from 
which  the  water  rose  swiftly  to  the  point  of  supply.  In 
this  district  they  found  a  temperature  of  about  50  degrees 
at  about  40ft.  below  the  surface  of  the  ground — that  agreed 
with  the  temperature  of  the  rock ;  and  of  course  the 
temperature  of  the  water  was  ultimately  derived  from  the 
rock,  and  the  deeper  you  go  into  the  rock  the  warmer  it 
became.  Hence  the  deeper  seated  the  spring  the  higher 
would  the  temperature  probably  be.  He  would  therefore 
like  to  ask  Mr.  Watts  whether  there  were  any  special  facts 
which  stood  in  relation  to  those  deep  seated  springs  which 
he  had  described  as  being  of  37  to  40  degrees. 

Mr.  Watts  said  the  springs  were  situated  in  Swineshaw 
Valley,  about  three  miles  from  Staly bridge.  He  resided 
there  during  the  construction  of  the  water  works,  and  as  the 
valley  was  very  prolific  of  springs — one  of  the  most 
prolific  in  the  Pennine  Chain  for  its  size — he  took  great 
interest  not  only  in  gauging  these  springs  for  years,  but  m 
taking  the  temperature,  and  the  results  were  presented  id 
tills  paper.  Perhaps  he  went  a  little  beyond  the  mark  hi 
speaking  of  them  as  deep-seated  springs,  but  for  spriDp 
situated  in  the  Pennine  Chain  they  were  deep-seated. 

Professor  Dawkins  said  he  was  glad  to  hear  what  Mr. 
Watts  had  said.     Deep-seated  springs  were  practically  of 
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the  same  temperature   in   summer  and   winter,   while   m 
superficial  water  they  found  of  course  considerable  variation. 
The  meeting  then  adjourned  for  a  short  time. 


At  6-30  p.m.  the  members  re-assembled. 
Mr.  Saint,  one  of  Her  Majesty's  inspectors  of  mines,  was 
called  to  the  chair,  in  the  absence  of  the  President. 


SOME  NOTES  ON  THE  BARTON  SECTION  OF 
THE  MANCHESTER  SHIP   CANAL. 

By  Mr.  Charles  Roeder. 


The  Barton-upon-Irwell  section  of  the  ship  canal,  in  con- 
sequence of  various  valuable  discoveries  made  from  time  to 
time  bearing  upon  the  geology,  botany,  and  archaeology  of 
the  locality  in  general,  has  recently  attracted  an  unusual 
amount  of  public  attention.  Speculations  have  been  rife 
and  theories  and  hypotheses  have  been  advanced  to  solvo 
some  of  the  problems  which  are  involved.  It  has  appeared 
to  me  worthy  of  interest  to  inquire  a  little  into  the  topo- 
graphy of  the  place  itself  and  its  immediate  neighbourhood, 
and  to  see  what  side  lights  could  be  thrown  by  an 
examination  of  ancient  records,  and  such  sources  of 
information  of  which  I  have  been  able  to  avail  myself,  and 
I  hope  the  evidence  afforded  by  an  examination  of  the 
various  material  I  have  to  bring  forward  will  assist  us  not 
a  little  to  arrive  at  some  conclusion  or  other  as  to  the 
possible  age  of  the  objects  which  have  been  found  during 
the  excavations  effected  at  Salt  Eye  and  Sticking  Islands. 

I  have  also  brought  some  of  the  older  maps,  which  will 
allow  you  to  examine  the  change  of  direction  of  the  rivers 
and  watercourses  with  which  we  have  to  deal.  It  would 
have  been  a  great  gain  if  I  could  have  had  access  to  the 
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Data 

Hmw- 

TsMPEUnru. 

Itenwrki  on  We>th«r. 

1889. 

Air. 

Water. 

Feb.      1 
2 

'■ 

.in. 

470 
31-2 

38-6 
38-7 

Miirty  and  Stormy          Vf  ■ 
Frosty  iSnowstoma  N-^' 

3 

4 

34-9 
32-3 

38-1 
37  0 

..        Cold  Wind    X-""- 

B 
6 

7 
S 

330 
37  0 
33-0 
41-2 

370 
370 
36-8 
36-8 

DuU                ,.                  "«■ 
BonghWiiidSStorniY  >JE' 

9 
10 
11 

25-3 
2C-4 
26-8 

33-7 
340 
33-7 

Keen  Frwt  uud  Cold  >^-E- 
Snow           ^■ 
Fine  r^==-E- 

12 

26-0 

33-6 

,.     l-^'^ 

13 

31-6 

34-1 

Cold  Wind  and  Snow    ^^-^ 

14 
16 
16 

1      382 
33-6 
32-0 

M-6 
34-7 
34  0 

Dull               ■* 

Frosty  K"^-^ 

Keen  Frort  and  Snow  ^^-^ 

17 
IS 

'      401 

44-2 

34-0 
35-4 

Dull  and  Stormy                     ^ 

19 

'      39'8 

:(6-i 

Fine 

20 
2] 

23 

400 
34-5 
33-0 
29-9 

36-4 
360 
36-8 
35-7 

Frosty  and  Cold  Wind 
Keen  Froat  and  Cold   fr-^ 

24 

•'5 

31-0 
29!l 

35-3 
35-1 

t^^' 

26 

29'6 
;M'0 

35-0 
3.V0 

'.',                 "snow               ^ 

28 

27'(l 

34-S 
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paths,  18  inches  wide,  and  rose  bow-like  about  9  inches  in 
the  centre.  The  stones  were  fixed  in  a  thick  layer  of  sand, 
which  rested  upon  a  bed  of  brushwood  laid  upon  the  peaty 
matter.  The  causeway  was  about  13  feet  west  of  the 
present  highway,  which  is  a  very  old  one,  and  there  is 
nothing  on  the  surface  to  cause  suspicion  of  a  former  road 
existing." 

The  Roman  road  from  Barton  to  Wilderspool  is  traced  on 
Watkin's  map  and  crosses  the  northern  river  curve  at 
Barton  twice  between  this  village  and  Irlam,  and  possibly 
another  road  passed  from  Barton  at  right  angles  to  Cross 
Street  at  Stretford. 

Unfortunately  the  continuation  of  the  road,  mentioned 
by  Kirk,  to  the  old  ford  at  Barton,  which  the  excavations 
may  have  laid  bare  or  shown,  for  not  having  been  attended 
to  at  the  time  the  cutting  was  begun,  has  not  been  traced 
and  thus  a  good  opportunity  of  further  discoveries  in  that 
direction  missed  and  neglected. 

The  next  notice  we  possess  of  Barton  is  contained  in 
Harland's  "Mancestre,"  in  the  Inquisition  of  1282.  It 
speaks  of  the  herbage  and  pannage  of  the  wood  worth  9s., 
and  a  certain  fishing  worth  yearly  18s.  In  the  **  Extent " 
of  1322  we  read  (Vol.  ii.  p.  394)  *'  at  Barton  (there  is)  a 
several  fishery  in  that  place  from  Barton  ford  as  far.  as 
into  the  Frith  ford  worth  yearly  8d.,  and  there  are 
there  4  fixed  ferries  and  a  plot  of  pasture  which  Robert 
Chrelle  inclosed  from  the  bank  for  hay  and  for  building  on. 
And  which  plot  is  reckoned  and  is  let  for  a  term,  with  the 
arable  land  upon  which  the  fishery  is  founded,  and  is 
worth  128.  At  that  time  there  were  15  messuages  in 
Barton.  Of  moor  or  heath  land  we  have  Bromyhurst 
(=Broomyhur8t  heath),  120  acres;  Whyte  moss,  10  acres; 
Hnlme  Moss  (Davy  Hulme) ;  Hagmoss,  20  acres ;  Halmoss, 
12  acres  turbary  ;  Pulle  greenes  (Peelgreen),  1  acre  pastur- 
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older  surveys,  held,  no  doubt,  by  the  ancient  proprietary 
families  of  the  district,  as  the  Leigh s,  TraflTords,  Egertons, 
and  Booth,  as  the  field  and  place  names  these  terrars 
contain  could  throw  much  light  upon  the  former  physio- 
graphy of  the  district  under  consideration.  The  first 
glimpse  allowed  to  us  brings  us  to  the  time  of  the  Roman 
occupation,  and  the  late  W.  Th.  Watkin,  in  his  "Roman 
Lancashire,"  which  I  have  placed  on  the  table  for  inspection 
of  the  maps,  states  that  a  branch  road  existed,  passing 
through  the  northern  part  of  TrafiPord  Park  to  the  "  street " 
(or  Higher  Croft)  in  Barton,  thence  by  the  "  streetfields  "  (a 
complex  of  four  meadows,  lying  in  succession  along  the 
northern  border  of  the  Irwell,  and  marked  on  the  6  inch 
Ordnance  Map,  which  I  also  produce)  in  a  S.W.  direction, 
by  Irlam,  Cadishead,  and  near  Statham  to  the  Roman 
Station  at  Wilderspool,  near  Warrington.  Coins  found  at 
Statham,  a  bronze  metope  at  Risley  Moss,  and  a  bronze 
colander  attest,  according  to  him,  its  route ;  but  the 
immense  mosses  of  Chat  Moss,  Risley  Moss,  and  Carrington 
Moss,  which  he  opines,  are  in  a  great  measure,  though  not 
perhaps  entirely,  of  post-Roman  formation,  have  completely 
obliterated  its  course. 

In  1875,  he  says,  Mr.  E.  Kirk,  of  Eccles,  reports  *•  that 
in  constructing  a  main  sewer  for  the  Eccles  and  Barton 
Board  of  Health,  the  workmen  struck  upon  an  old  ancient 
roadway,  about  a  quarter  of  a  mile  from  Barton  Old  Hall, 
and  in  a  direct  line  with  the  old  ford  at  Barton,  the  site  of 
which  is  about  400  yards  down  stream  from  the  present 
bridge.  The  sewer  being  brought  along  what  has  been 
formerly  a  piece  of  forest  swamp,  in  which  the  trunks  of 
oak  and  other  trees  were  found  in  a  thick  bed  of  vegetable 
matter.  The  old  causeway,  which  was  intersected  at  right 
angles,  was  about  4^  feet  below  the  surface,  the  pavement 
was  of  stone,  about  the  size  lately  common  in  street  foot- 
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paths,  18  inches  wide,  and  rose  bow-like  about  9  inches  in 
the  centre.  The  stones  were  fixed  in  a  thick  layer  of  sand, 
which  rested  upon  a  bed  of  brushwood  laid  upon  the  peat^y 
matter.  The  causeway  was  about  13  feet  west  of  the 
present  highway,  which  is  a  very  old  one,  and  there  is 
nothing  on  the  surface  to  cause  suspicion  of  a  former  road 
existing." 

The  Roman  road  from  Barton  to  Wilderspool  is  traced  on 
Watkin's  map  and  crosses  the  northern  river  curve  at 
Barton  twice  between  this  \'illage  and  Irlam,  and  possibly 
another  road  passed  from  Barton  at  right  angles  to  Cross 
Street  at  Stretford. 

Unfortunately  the  continuation  of  the  road,  mentioned 
by  Kirk,  to  the  old  ford  at  Barton,  which  the  excavations 
may  have  laid  bare  or  shown,  for  not  haN'ing  been  attended 
to  at  the  time  the  cutting  was  begun,  has  not  been  traced, 
and  thus  a  good  opportunity  of  further  discoveries  in  that 
direction  missed  and  neglected. 

The  next  notice  we  possess  of  Barton  is  contained  in 
Harland's  "Mancestre,"  in  the  Inquisition  of  1282.  It 
speaks  of  the  herbage  and  pannage  of  the  wood  worth  9s., 
and  a  certain  fishing  worth  yearly  18s.  In  the  ** Extent" 
of  1322  we  read  (Vol.  ii.  p.  394)  "  at  Barton  (there  is)  a 
several  fishery  in  that  place  from  Barton  ford  as  far.  as 
into  the  Frith  ford  worth  yearly  8d.,  and  there  are 
there  4  fixed  ferries  and  a  plot  of  pasture  which  Robert 
Grelle  inclosed  from  the  bank  for  hay  and  for  building  on. 
And  which  plot  is  reckoned  and  is  let  for  a  term,  with  the 
arable  land  upon  which  the  fishery  is  founded,  and  is 
worth  128.  At  that  time  there  were  15  messuages  in 
Barton.  Of  moor  or  heath  land  we  have  Bromy hurst 
(=  Broomyhurst  heath),  120  acres;  Whyte  moss,  10  acres; 
Hulme  Moss  (Davy  Hulme) ;  Hagmoss,  20  acres ;  Halmoss, 
12  acres  turbary  ;  Pulle  greenes  (Peelgreen),  1  acre  pastur- 
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age ;  Boysnape,  12  acres  pasture  ;  and  it  mentions  the  wood 
of  Boye-snape  and  Lostock,  in  which  grow  oaks,  hazels, 
thorns,  and  such  like."  Coming  to  Chat  moss  it  says  :  "  It 
is  the  soil  of  the  lord  of  Barton,  Woyselegh,  Astley, 
Workedlegh,  Astley  and  Bedford.  The  wood  being  un- 
divided is  not  measured,  because  there  is  so  small  a  goodness- 
contained  in  so  large  an  extent  in  which  (wood)  all  the 
tenants  of  the  said  lords  have  common  of  turbary,  but  the 
yearly  profit  of  the  said  moor  is  not  extended  by  reason 
that  the  little  goodness  of  the  premised  commons  gradually 
grows  less." 

Baines  in  his  history  of  the  "  Palatinate  of  Lancaster " 
states  that  originally  Chat  Moss  was  an  immense  forest,  but 
became  reduced  to  an  extensive  bog  at  a  remote  period. 
The  trees  found  are  birch,  oak,  fir  (?),  and  most  of  them 
charred  on  the  exterior,  **  indicating  that  they  must  have 
fallen  under  the  operation  of  fire,  rather  than  by  the  stroke 
of  the  woodman.'*  They  generally  lie  from  west  to  east. 
The  objects  found  in  it  were  a  leather  shoe  of  peculiar 
make ;  a  cow's  horn,  of  a  breed  of  cattle  now  extinct ;  and, 
according  to  Whi taker,  **an  ancient  beehive,  which,  on 
touching,  fell  into  dust."  The  moss  is  5  miles  long,  from 
east  to  west,  and  Baines  thinks  that  the  forest  must  have 
disappeared  before  the  Norman  Conquest,  as  the  Doomsday- 
book  gives  to  Salfordshirc,  including  Horwich  and 
Blackley,  a  forest  stretch  of  only  7^  miles  in  length  and 
5;^  miles  in  breadth. 

Chat  Moss  rests  on  the  boulder  clay,  which,  as  sections 
have  shown,  is  variously  overlaid  with  loamy  sand  and  silt. 
Mr.  W.  Brockbank,  in  an  interesting  communication  made 
to  the  Literary  and  Philosophical  Society  of  Manchester, 
Vol.  y.,  1861,  mentions  that  the  clay  is  capped  at  Astley 
Station  by  a  seam  of  loamy  sand,  containing  roots  and 
stumps  of  oak,  birch,  and  hazel,  the  stumps  being  broken 
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off  about  a  foot  from  the  surface  and  the  trees  lying  near, 
embedded  in  the  moss.  He  supposes  that  the  level  valley 
on  which  the  Moss  now  lies  was  formerly  covered  over  with 
a  forest  of  oaks,  with  a  dense  undergrowths  of  birch,  hazel, 
and  other  brushwood.  How  the  forest  became  covered  with 
Moss  he  leaves  an  open  question,  but  thinks  the  cause  of 
the  gradual  decay  owing  to  the  low-lying  undrained 
ground. 

Baines  suggests  that  Chat  Moss  may  derive  its  name  from 
St.  Chad  or  Ceadda,  Bishop  of  Mercia  in  669 ;  but  whether 
the  parallel  holds  good,  and  whether  he  really  owned  it  or 
not,  or  had  his  name  given  to  it,  we  cannot  say,  as  records 
are  silent  about  this  point.  No  doubt  it  must  have  under- 
gone a  deal  of  early  clearing  and  deforestation,  as  we  have 
learned  already  the  "  wood  "  remaining  at  the  time  of  the 
Inquisition  of  1322  is  "not  measured  because  there  is  so 
small  a  goodness  contained  in  so  large  an  extent.''  Nowhere 
is  there  any  mention  of  either  chase,  park,  or  forest  there  in 
the  early  accessible  records  relating  to  the  Manor  of  Barton. 
As  regards  the  origin  of  the  name  of  Ceaddas  Moss,  I  am 
rather  inclined  to  think  that  it  indicates  the  existence  of  a 
former  Celtic  occupation,  and  that  long  before  the  supposed 
St.  Chad  or  Ceadda  the  appelation  was  given  by  a  Kjonrian 
branch  and  that  it  simply  means  and  stands  for  "  wood  "  par 
excellence,  that  is  *'  the  "  forest.  Wc  have  the  Welsh  ** coed," 
synonymous  with  wood  or  trees.  Near  Manchester  we  meet 
with  Cheetwood,  which  Harland  would  derive  from  Cedde, 
a  Saxon  male  name,  but  which  to  me  appears  to  be  a  mere 
tautology,  being  "  coed- wood,'*  and  uniting  the  compound 
Celtic  and  Saxon  roots.  At  the  South-west  comer  of  Chat 
Moss  stands  Cadishead  (Cade-wele-sate  and  Cade-wels-hed 
in  1230^,  which  formerly  was  held  by  the  service  of 
carpentry.  The  boundary  of  the  Hundred  coincide*  with 
and  runs  along  the  Qless  or  Glazebrook  (in  times  past  a 


290 

more  important  water  course,  whose  bed  has  experienced 
great  changes,  as  the  maps  seem  to  demonstrate),  the  name  of 
which  equally  has  a  Celtic  face,  and  answers  most  probably 
to  the  Welsh  "  Glass,"  a  stream  of  a  greenish  blue  colour. 

If  we  now  accept  this  view  or  not,  from  what  has  been 
shown  in  the  course  of  my  earlier  remarks,  it  seems  that  we  are 
led  to  the  conclusion  that  the  Barton  district  points  to  very 
venerable  lineage,  and  it  may  not  be  wrong  to  suppose  that 
a  not  unimportant  communication  or  a  vicinal  track  must 
have  existed  long  before  the  advancing  Roman  columns 
formed  their  network  of  military  roads,  and  that  they 
probably  incorporated  the  same  in  constructing  the  road 
running  along  the  border  of  the  river  and  the  skirts  of  the 
present  "  Chat  Moss,"  or  even  cutting  through  it. 

Returning  now  again  to  Frithford,  there  is  a  point  which 
deserves  consideration  in  connection  with  the  discovery  of 
the  ancient  canoe  at  Salt  Eye.  On  examination  of  the  6in. 
Ordnance  Map  we  find  that  near  the  junction  of  Sticking^ 
Cut,  where  the  river  takes  up  a  northemly  turn,  forming 
itself  into  a  double  loop,  on  the  south  side  of  the  channel 
there  occur  three  distinct  plots  of  land,  belonging  respec- 
tively to  the  ancient  Hamlets  of  Dumplington,  Bromyhurst 
and  Davyhulme  (formerly  Hulme,  and  first  mentioned  Da^T 
Hulme  in  1558).  Bromyhurst  and  Dumplington  proper  are 
situate  away  to  the  north  and  east  and  Davyhulme  to  the 
south  of  the  river,  and  the  group  in  question  forms  a 
detached  block.  To  me  this  combination  implies  that  that 
circumstance  would  be  due  to  the  existence  of  ancient  and 
separately  conferred  ferry  rights,  and  that  possibly  it  marks 
the  former  position,  not  onlj'  of  the  Frithford  of  1322,  but 
furnishes  likewise  traditional  evidence  of  an  older,  perhaps 
Roman  or  Pre-Roman  ford,  and  that  we  have  to  take  notice 
of  this  fact  in  attempting  to  account  for  the  situation  and 
circumstances  under  which  the  canoe  has  been  found.     It 
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would  tally  with  this  striking  concurrence.  We  have  seen 
that  there  were  four  ferries  fixed  at  that  ford  in  132$  (and 
probably  long  before),  there  were  only  15  houses  occupied 
by  dependents  of  the  manor  of  Barton  and  the  ferry-transit 
between  Cheshire  and  Lancashire,  and  for  passing  in  and 
out  of  the  counties,  point  to  some  sort  of  importance  with 
regard  to  this  place.  This  naturally  brings  me  to  speak  of 
the  actual  and  former  course.  The  Irwell  itself,  and  its 
double  loop  at  Salt  Eye,  which  at  its  second  northemly^ 
bend  receives  the  Salt  Eye  Brook,  higher  up  called  Worseley 
Brook.  That  the  many  moss  movements  and  great  floods 
and  inundations  (even  if  we  speak  of  the  few  that  have 
really  been  recorded)  must  have  interfered  considerably  in 
past  times  with  its  direction  and  level,  is  a  proposition  we 
may  readily  grant.  Leland  in  1538  informs  us  that  Chately 
Moss  (Chat  Moss)  "  with  breaking  up  of  abundance  of  water 
in  it  did  much  hurt  to  lands  thereabout,  and  rises  with 
wandering  mosses  and  corrupted  water.  It  destroyed  much 
ground  with  moss  thereabout,  corrupting  with  stinking 
water  Glasbroke,  and  so  Glasbroke  carried  stinking  trees, 
and  Mersey  corrupted  carried  the  rolling  moss.  In  the  very 
top  of  Chaw  Moure  (Chat  Moss)  where  the  moss  was  highest 
and  broke,  is  now  a  fair  plain  valley,  as  was  in  time  pasty 
and  a  rill  runs  in  it  and  pieces  of  small  trees  be  found  at 
the  bottom  of  it."  Indication  of  such  travelled  shoals  of 
bog  and  moss  masses,  often  of  frightening  dimensions,  have 
been  revealed  in  various  parts  of  the  Barton  sections.  In 
their  onward  movement  they  uprooted  and  carried  large  treea 
and  scrubwood  before  them,  danmiing  and  blocking  the  flow 
of  the  river,  and  striking  it  at  right  angles,  thus  leading  to 
the  formation  of  new  channels,  pools  and  boggy  ground^ 
and  I  think  it  is  to  conditions  of  such  a  nature  that  the 
delineation  of  the  alluvial  structure  at  the  junction  at 
Glazebrook  and  the  Irwell  down  to  Rixton  Old  Hall,  as  shown 
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in  the  geological  map  referring  to  the  locality  is  possibly 

due.     The  accuraulation  of  underground  water  also   must 

have  been  assisted  in  a  great  measure  by  the  underlying 

boulder  clay  spreading  as  it  does,  and  as  proved,  in  ridges 

and    long    undulations    while    the    surface    water    which 

made    its    way   from  the   elevated   ground  to   the  North 

of   Barton,   etc.,   would  be   easily   taken  up    and   filtered 

through  the  capping  sands  and  gravels.     Camden  in  his 

*'  Britannia,"  relates  the   eruption   of   moss    similarly    to 

Leland,    but    perhaps    copied    from    the    former.     1633, 

Hollingworth     speaks   of    a    moss  of    great    breadth    of 

4  or  5  yards  deep,  carrying  large  trees  down  and  filling 

the  brooks  and  river,  which  from  some  evidence  I  conclude 

must  have  been  at  Strangeways,  near  the  Medlock  and  Irk. 

Of  inundations  and  great  floods  we  have  many  records,  and 

very   disastrous   ones   too,  as  in   1616,  1649,  1767,  1768, 

1787,  1799,  to  mention  only  some  instances  occurring  in 

the  last  two  centuries.     If  we  can  trust  Saxton's  map,  done 

by  actual  survey  under  the  assistance  of  "several  engineers" 

[I  refer  to  his  map  of  1610,  in  Camden's  Britannia],   there 

ha«  been  a  striking  change  in  the  course  of  the  river  bed  of 

tho  IrwoU  from  Barton  to  its  conjunction  with  the  Mersey; 

th(^  same  is  patent  from  Speed's  map  of  1610,  and  Janssen's 

map  of  1647.     Ogilby's  survey  of  1698  (showing  the  roads 

of  the  kingdom)  gives  a  very  minute  trace  of  the  river  at 

Barton,  and   there  is  an  absence  of  the  double  loop,  and 

from  a  comparison  of  the  various  maps  alluded  to,  it  seems 

thut  the  formation  of  these  bends  must  be  of  comparatively 

recent  date,  and  that  the  river  had  a  more  westerly  trend. 

O  i  course  it  might  be  objected  to  that  we  must  not  be  too 

critical  with  these  old  maps,  but  even   then  the  general 

impression  of  the  direction  of  this  river  remains  in  favour 

of  assuming  a  great  swinging,  effected  since  in  a  contrary 

direction.     I  think  I  have  some  evidence  to  show  that  the 
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river  has  suffered  a  change  in  the  course  of  the  last  few 
centuries  at  Barton  in  a  line  from  the  aqueduct  to  Sticking* 
Lock.  At  the  entrance  of  the  works  at  Barton,  on  its 
southern  corner,  we  see  the  outcrop  of  the  Trias  on  which 
we  have  a  deposit  of  middle-sized,  worn  river  gravels,  which 
are  overlaid  again  by  a  considerable  mass  of  brown,  loamy 
river  silt.  From  the  gravels  resting  immediately  on  the 
rock  floor  I  have  extracted  various  pieces  of  rolled,  burned 
clay  and  a  fragment  of  double  glazed  (in  and  outside) 
pottery,  and  the  same  again  lower  down  at  Sticking  Island, 
also  from  the  bottom  gravels,  about  the  middle  of  the 
section.  As  the  river  at  present  near  the  entrance  of  the 
works  runs  some  appreciable  distance  away  to  the  south  of 
the  cutting,  while  at  Sticking  Island  the  curve  is  keeping 
away  to  the  north,  and  I  think  it  follows  that  the  river  since 
then  retreated  at  the  aqueduct  point  to  the  south,  and  that 
at  Sticking  Island  the  sling  must  have  been  of  later  time  to 
the  deposition  of  this  piece  of  pottery,  as  the  cuttings  run 
diametrically  to  the  south  of  it  through  the  "Eye,"  where  we 
have  now  terra  firma,  and  that  the  channel  probably  assumed 
an  almost  westerly  flow.*  To  understand  this,  I  place  before 
you  the  Map  of  the  Ship  Canal  Project,  attached  to  Palmer's 
Report  of  1840.t  As  to  the  particular  date  of  the  pottery 
I  have  been  informed  by  Mr.  Augustus  W.  Franks,  of  the 
British  Museum,  and  to  whom  I  am  indebted,  and  to  whom  I . 
have  submitted  the  matter,  that  the  Saxons  never,  to  his 
knowledge  used  any  glaze  inside ;  the  Romans  very  rarely 
employed  glaze,  and  then  only  in  vessels  of  an  ornamental 
character,  of  which  not  half  a  dozen  have  been  found  in 
this  country,  and  that  if  the  pottery  is  glazed,  there  is 
everj^  probability  of  its  being  mediaeval  or  modem,  but  that 


♦  Or  the  present  northerly  iling  at  Stickings  was  before  quite  to  the 
south,  and  instead  of  being  a  curve  ran  straight. 

t  Where  I  have  marked  with  dots  are  the  places  where  pottery  was  found. 
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it  is  impossible  to  give  any  date  to  broken  pottery,  unless 
they  have  some  ornament.  The  only  conclusion  therefore, 
which  remains  to  us,  is  that  the  range  of  possibility  is  from  a 
mediaeval  period  to  more  recent  times,  and  the  latter  view 
is  perhaps  the  most  acceptable  in  connection  with  the 
projection  of  the  later  maps.  I  have  not  touched  to-day — 
not  to  make  the  communication  too  long  or  too  irksome — 
the  few  remarks  I  intended  to  bring  forward  about  some 
geological  observations  I  have  made  while  visiting  this 
particular  section,  and  I  shall  return  to  the  discussion  of 
this  matter  at  a  later  time. 


The  Hon.   Secretary   read  a   note  forwarded   by  Mr. 

« 

Dickinson  with  regard  to  the  place  called  Salt  Eye.  It  was 
an  extract  from  Mr.  Dickinson's  Report,  1881,  to  Secretary 
of  State,  on  the  Salt  Districts. 

"In  the  hamlet  of  another  Barton,  five  miles  west  of 
Manchester,  the  lower  part  of  Worsley  Brook  is  called 
Salteye  Brook,  and  the  land  at  the  east  side,  where  the 
brook  enters  the  river  Irwell,  is  called  Salteye  or  Salteea 
Orchards;  but  if  the  names  were  taken  from  any  ancient 
brine  spring?*,  all  trace  of  them  seems  lost." 


Mr.  Mark  Stirrup  moved  a  vote  of  thanks  to  Mr.  Roeder 
(whose  paper  was  read  in  his  absence),  remarking  that  he 
had  evidently  bestowed  upon  it  a  great  amount  of  time  and 
research.  Some  of  the  evidence  he  had  brought  forward 
might  assist  them  in  arriving  at  a  correct  conclusion  con- 
cerning some  of  the  theories  advanced  to  account  for  the 
age  of  the  Barton  canoe,  of  which  he  had  shortly  to  speak. 

Mr.  Grundy  said  he  had  much  pleasure  in  seconding  the 
Tote  of  thanks. 

The  motion  was  passed  unanimously. 

Mr.  Percy  F.  Kendalt.  discussed  somewhat  at  length  the 
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geological  features  of  the  channel  of  the  river  Irwell,  in  the 
neighbourhood  of  Barton,  which  he  contended  did  not  bear 
out  the  views  of  the  author  of  this  paper,  and  in  reference 
to  the  fine  series  of  maps  which  Mr.  Roedcr  exhibited, 
said  he  had  examined  some  of  them,  but  in  regard  to 
the  rivers  he  had  come  to  the  conclusion  that  they  were 
entirely  unreliable.  Towns  and  villages  were  marked  with 
a  vague  kind  of  accuracy,  but  the  details  of  the  country 
were  so  confused  that  it  was  impossible  to  base  any  con- 
clusions upon  them. 


ON  THE  ANOIENT  CANOE  FOUND  AT  BARTON- 

UPON-IRWELL. 

By  Mr.  Mark  Stirrup,  F.G.S. 


It  has  been  a  matter  of  surprise  to  many  that  the  excava- 
tions for  the  Manchester  Ship  Canal,  cut,  for  the  most  part, 
through  alluvial  strata  of  an  old  river  valley,  have  so  far 
yielded  very  little  of  archaeological  interest.  This  may  per- 
haps bo  accounted  for  in  some  measure,  not  so  much  by  the 
actual  absence  of  such  small  things  as  coins,  stone,  and 
metal  implements  or  other  objects  of  human  industry,  as 
by  the  modern  mode  of  carrying  out  these  large  engineering 
works,  where  the  giant  scoops  of  the  steam  **  navvy  "  replace 
the  old  method  of  manual  labour  and  the  use  of  the  pick  and 
spade ;  thus  greatly  reducing  the  chances  of  discovery  of  any 
antiquarian  relics,  which  would  be  of  great  value  in  deter- 
mining the  age  of  the  various  deposits,  that  are  now  being 
opened  up  to  the  investigation  of  the  geologist  and 
archaoologist. 

It  was,  therefore,  with  no  small  amount  of  interest  that 
the  report  of  the  discovery  of  a  so-called  **  Pre-historic 
canoe  "  was  recently  received,  reviving  the  hopes  of  finding 
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further  memorials  of  past  events  in  our  local  history,   the 
pages  of  which  are  as  yet  unwritten. 

Though  the  title  of  "  Pre-historic "  has  been  given  to 
this  boat,  such  designation,  implying  its  age,  must  be 
received  with  caution,  and  in  the  present  stage  of  enquiry 
with  considerable  doubt.  Pre-historic  is  an  indefinite  term, 
varying  in  its  chronological  signification  in  different  coun- 
tries. In  the  British  isles  it  may  justly  be  said  to  be 
synonymous  with  pre-Roman,  while  in  Southern  Europe  it 
would  have  a  more  extended  value. 

My  object  in  offering  this  paper  is  to  discuss  the  evidence 
we  have  for  determining  the  age  of  this  **  Pre-historic 
canoe,"  which  has  been  previously  described  in  a  short  article 
in  the  Manchester  Guardian  of  5th  April  last,  and  more 
recently  by  Mr.  Alderman  W.  H.  Bailey  before  the  Man- 
chester Literary  and  Philosophical  Society.  (See  No.  4, 
Vol.  II.,  Memoirs  and  Proceedings  of  Manchester  Literary 
and  Philosophical  Society,  1888-9.) 

The  sources  whence  information  might  be  expected  to  be 
derived  as  to  its  probable  age  are — (1)  the  characters  or  in- 
ternal evidence  which  the  boat  itself  presents,  and  further- 
more, its  comparison  with  others  found  under  similar  circum- 
stances and  in  like  condition  ;  (2)  the  nature  and  position 
of  the  beds  where  the  canoe  was  found  ;  and  (3)  valuable 
aid  in  coming  to  a  correct  conclusion  on  these  points  might 
be  derived  from  other  relics  of  human  workmanship  found 
in  the  same  place  or  in  geologically  correspondent  strata. 

The  canoe  was  discovered  on  the  2nd  of  April  last,  in 
the  "  Salt  Eye,''  or  "  Salteea  "  cutting  of  the  Ship  Canal, 
near  Barton-upon-Irwell.  An  examination  of  the  figure  A 
(see  Plate)  will  give  a  fair  idea  of  its  general  appearance, 
soon  after  its  discovery.  The  piece  torn  out  of  the  side  was 
the  work  of  the  steam-navvy  during  its  extrication  from 
the  sand,  in  which  it  was  firmly  embedded. 
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Its  position  was  some  400  feet  distant  from  the  present 
river  channel,  and  it  was  found  buried  in  old  alluvial  deposits 
of  silty  sand,  some  25  feet  below  the  actual  surface. 

With  it  were  hazel  nuts  and  fragments  of  wood  and  trees' 
and  the  lower  part  of  the  bed  of  sand  on  which  it  lay  is 
streaked  or  mixed  in  places  with  particles  of  coaly  matter. 

It  had  probably  been  swamped  during  some  abnormally 
heavy  flood  and  carried  down  suddenly,  much  after  the 
manner  of  similar  incidents  during  the  rainy  season  in  the 
rivers  of  tropical  climates,  such  as  one  mentioned  by  Dr. 
Hooker,  in  his  Himalayan  Journals,  when  speaking  of  the 
Ganges  during  the  rains,  he  says,  "  long  islets  are  heaped 
up  and  swept  away  in  a  few  hours.  Boats  are  caught  in 
whirlpools  formed  without  a  moment's  warning  and  sunk, 
'ero  they  have  spun  round  thrice  in  the  eddies.'' 

It  is  what  is  known  as  a  single  piece  canoe  (called  in 
America,  "  dug-outs,")  that  is,  hollowed  out  of  the  trunk  of 
a  single  tree,  which  in  this  instance  is  probably  oak,  and  is 
black  with  age. 

I  am  indebted  to  Mr.  Alderman  Bailey  and  the  Council  of 
the  Manchester  Literary  and  Philosophical  Society  for  the 
use  of  the  blocks  of  the  four  mechanical  drawings,  which 
show  the  canoe  both  in  plan  and  section  (see  Figs.  2, 
3,  and  4).  The  transverse  section  (Fig.  1)  shows  the 
outside  of  the  boat  to  be  nearly  an  exact  semicircle, 
slightly  flattened  at  the  sides.  From  a  consideration 
of  these  drawings,  Mr.  Bailey  says,  *'  the  boat  bears  evidence 
of  some  attempt  at  design.  An  imaginary  line  drawn  right 
through  the  centre  from  one  end  to  the  other,  becomes  the 
true  centre,  that  is  to  say,  there  is  as  much  boat  on  one  side 
as  the  other.  I  would  infer  from  this,  that  before  the  boat 
was  made,  it  was  designed,  and  that  it  was  not  made  by 
what  is  called  rule  of  thimib." 


"v_r 


Kig.  *. 


The  following  are  Mf.  Pailoy's  meanuroinents : — 

Length,  outside  measure,  13  feet  8  inches. 

Ijength,  inside  measure,  12  feet  4  inches. 

Greatest  width,  2  feet  9  inches,  gradually  decreasing  to 
2  feet  wide  at  stem  end. 

The  greatest  depth  is  at  Iho  centre,  where  it  le  1  foot 
7  inches,  gradually  decrcaisiiig  to  the  stern,  where  it  is 
17f  inches  deep,  and  to  the  stem  end  where  it  is  1.5^  inches. 
The  thickness  of  the  sides  ih  1^  ine-lies,  gradually  incroasinjf 
to  the  bottom,  where  it  is  2i  inches. 
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The  stem  and  stem  are  both  rounded,  the  stem  end, 
however,  having  a  short  projection,  through  which  a  hole 
about  IJin.  diameter  has  been  horizontally  pierced,  evidently 
for  mooring  purposes. 

No  row-locks  or  means  of  propulsion  are  visible,  the  boat 
probably  having  been  used  simply  for  transport  across  the 
river.  The  bottom  is  semi-circular  in  outline,  and  has  no 
keel.  Manv  of  the  ancient  canoes,  which  have  been  found 
elsewhere,  differ  in  this  particular,  being  flat-bottomed,  a 
distinction  which  will  be  referred  to  hereafter. 

There  is  no  trace  of  iron  or  any  other  metal  about  the 
boat. 

A  curious  strengthening  piece,  consisting  of  a  naturally 
bent  branch  of  a  tree  may  be  noticed  fixed  on  to  the  top 
of  the  stem,  and  this  is  done  with  about  six  rounded 
wooden  pegs,  10  to  12ins.  long  and  lin.  diameter,  a  similar 
piece  has  evidently  formed  a  corresponding  oflBce  at  the 
opposite  end,  as  may  be  seen  by  the  holes  where  the  pegs 
have  been. 

There  are  distinct  tool  marks  upon  the  interior,  which  are 
evidently,  from  their  clean  cut,  those  of  a  metal  instrument, 
probably  iron. 

Since  the  canoe  has  been  removed  to  Owens  College,  and 
notwithstanding  the  care  that  has  been  taken  to  preserve  it 
in  something  like  its  original  condition,  some  large  longitu- 
dinal cracks  have  made  their  appearance  in  the  sides. 

These  have  disclosed  several  other  wooden  pegs  or  pins 
which  have  been  apparently  put  in  to  remedy  original  rents 
or  imperfections. 

On  the  starboard  side,  near  the  stem  (taking  the  end 
having  the  perforated  projection  to  be  the  prow),  in  the 
space  caused  by  the  cracks,  may  be  seen  several  small  round 
wooden    pegs,    about    g   to    J   inch    diameter,   thickening 
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towards  the  head,  penetrating  the  structure,  from  the  insidey 
in  an  oblique  direction. 

These  have  evidently  been  the  deed  of  a  skilful  and 
ingenious  workman,  as  their  presence  had  previously  been 
undetected. 

Two  or  three  larger  pegs,  similar  to  those  used  in  fixing 
on  the  strengthening  piece  at  the  stem,  are  also  visible  on 
the  same  side,  these  have  no  doubt  been  used  to  close  up 
incipient  cracks,  and  have  probably  been  inserted  from  the 
outside,  as  no  trace  could  be  seen  of  them  from  an  inspection 
of  the  inside  of  the  boat. 

Such  are  the  principal  characteristics  of  the  Barton  canoe, 
which  will  be  perhaps  more  readily  comprehended  by  an  ex- 
amination of  the  photograph  exhibited.* 

Let  us  now  see  whether  we  can  gain  any  information  as 
to  its  probable  age  by  a  comparison  with  similar  findings 
in  other  parts  of  the  country. 

The  first  instance  which  naturally  presents  itself,  both 
from  its  recency  and  nearness  to  our  district,  is  the  one  at 
Preston  in  the  Ribble  valley. 

During  the  late  excavations  for  the  new  docks  and  the 
diversion  of  the  river  at  Preston,  good  sections  of  the  alluvial 
strata  have  been  laid  bare,  and  on  the  7th  October,  1887,  a 
dug  out  canoe  was  discovered,  which  was  soon  followed  by 
another,  both  of  which  are  now  in  their  temporarj''  resting 
place,  at  the  Cross  Street  Museum,  Preston,  waiting  their 
transference  to  the  new  Harris  Museum. 

The  first  canoe  (Fig.  B,  see  Plate)  has  been  described  by 
the  Rev.  J.  Shortt,  honorary  curator  of  the  Cross  Street 
Museum,  in  a  paper  read  before  the  Society  of  Antiquaries, 
Feb.,  1888,  and  the  second  one  by  Mr.  W.  H.  Heathcote,  at  a 
meeting  of  the  Lancashire  and  Cheshire  Antiquarian  Society. 
Without   going  into  the   details  of  the   measurements, 

*  The  Figure  A  is  taken  from  the  phonograph. 


^ 
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Fig.  4. 

Tlie  following  arc  Mr.  Bailey's  meaRUrements : — 

Length,  outside  measure,  13  feet  8  inches. 

Length,  inside  meaKiire,  12  feet  4  inchee. 

Greatest  width,  2  feet  S)  inches,  gradually  decreasing  to 
2  feet  wide  at  stem  end. 

The  greatest  depth  is  at  )ho  centre,  where  it  is  1  foot 
7  inches,  gradually  decreasing  to  the  stern,  where  it  is 
17^  inches  deep,  and  to  the  stem  end  where  it  is  15J  inches. 
The  thickness  of  the  sides  is  IJ  inches,  gradually  increasinj? 
to  the  bottom,  where  if  is  2J  inehes. 
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The  stem  and  stem  are  both  rounded,  the  stem  end, 
however,  having  a  short  projection,  through  which  a  hole 
about  l^in.  diameter  has  been  horizontally  pierced,  evidently 
for  mooring  purposes. 

No  row-locks  or  means  of  propulsion  are  visible,  the  boat 
probably  having  been  used  simply  for  transport  across  the 
river.  The  bottom  is  semi-circular  in  outline,  and  has  no 
keel.  Manv  of  the  ancient  canoes,  which  have  been  found 
elsewhere,  differ  in  this  particular,  being  flat- bottomed,  a 
distinction  which  will  be  referred  to  hereafter. 

There  is  no  trace  of  iron  or  any  other  metal  about  the 
boat. 

A  curious  strengthening  piece,  consisting  of  a  naturally 
bent  branch  of  a  tree  may  be  noticed  fixed  on  to  the  top 
of  the  stem,  and  this  is  done  with  about  six  rounded 
wooden  pegs,  10  to  12in8.  long  and  lin.  diameter,  a  similar 
piece  has  evidently  formed  a  corresponding  office  at  the 
opposite  end,  as  may  be  seen  by  the  holes  where  the  pegs 
have  been. 

There  are  distinct  tool  marks  upon  the  interior,  which  are 
evidently,  from  their  clean  cut,  those  of  a  metal  instrument, 
probably  iron. 

Since  the  canoe  has  been  removed  to  Owens  College,  and 
notwithstanding  the  care  that  has  been  taken  to  preserve  it 
in  something  like  its  original  condition,  some  large  longitu- 
dinal cracks  have  made  their  appearance  in  the  sides. 

These  have  disclosed  several  other  wooden  pegs  or  pins 
which  have  been  apparently  put  in  to  remedy  original  rents 
or  imperfections. 

On  the  starboard  side,  near  the  stem  (taking  the  end 
having  the  perforated  projection  to  be  the  prow),  in  the 
space  caused  by  the  cracks,  may  be  seen  several  small  round 
wooden    pegs,    about    §   to    J   inch    diameter,   thickening 
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towards  the  head,  penetrating  the  structure,  from  the  insidey 
in  an  oblique  direction. 

These  have  evidently  been  the  deed  of  a  skilful  and 
ingenious  workman,  as  their  presence  had  previously  been 
undetected. 

Two  or  three  larger  pegs,  similar  to  those  used  in  fixing 
on  the  strengthening  piece  at  the  stem,  are  also  visible  on 
the  same  side,  these  have  no  doubt  been  used  to  close  up 
incipient  cracks,  and  have  probably  been  inserted  from  the 
outside,  as  no  trace  could  be  seen  of  them  from  an  inspection 
of  the  inside  of  the  boat. 

Such  are  the  principal  characteristics  of  the  Barton  canoe, 
which  will  be  perhaps  more  readily  comprehended  by  an  ex- 
amination of  the  photograph  exhibited.* 

Let  us  now  see  whether  we  can  gain  any  information  as 
to  its  probable  age  by  a  comparison  with  similar  findings 
in  other  parts  of  the  country. 

The  first  instance  which  naturally  presents  itself,  both 
from  its  recency  and  nearness  to  our  district,  is  the  one  at 
Preston  in  the  Ribble  valley. 

During  the  late  excavations  for  the  new  docks  and  the 
diversion  of  the  river  at  Preston,  good  sections  of  the  alluvial 
strata  have  been  laid  bare,  and  on  the  7th  October,  1887,  a 
dug  out  canoe  was  discovered,  which  was  soon  followed  by 
another,  both  of  which  are  now  in  their  temporary  resting 
place,  at  the  Cross  Street  Museum,  Preston,  waiting  their 
transference  to  the  new  Harris  Museimi. 

The  first  canoe  (Fig.  B,  see  Plate)  has  been  described  by 
the  Rev.  J.  Shortt,  honorary  curator  of  the  Cross  Street 
Museum,  in  a  paper  read  before  the  Society  of  Antiquaries, 
Feb.,  1888,  and  the  second  one  by  Mr.  W.  H.  Heathcote,  at  a 
meeting  of  the  Lancashire  and  Cheshire  Antiquarian  Society. 
Without   going  into  the   details   of  the   measurements, 

*  The  Figure  A  is  taken  from  the  pho^graph. 
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which  are  fully  given  in  the  papers  referred  to,*  I  will  only 
ask  your  attention  to  those  special  points  bearing  on  the 
question  of  relative  antiquity,  and  these  will  be  more  easily 
recognised  by  a  scrutiny  of  the  photographs  than  by  any 
description  I  can  give.t 

Both  the  canoes  are  like  the  Barton  specimen,  single 
piece  canoes,  hollowed  out  of  a  tree  trunk,  and  were  found 
lying,  widely  separated,  in  beds  of  gravel,  13ft.  to  14ft.  be- 
low the  present  surface  level.  Both  canoes  are  much  shorter 
than  the  Barton  one  by  about  5ft.  and  6ft.  respectively,  and 
both  are  of  the  flat  bottomed  type.  The  one  first  found  and 
described  by  the  Rev.  Mr.  Shortt  has  another  noticeable 
feature,  the  stern,  for  which  the  root  end  of  the  tree  has  been 
used,  is  an  open  one,  and  is  closed  by  a  stern  board,  which 
fitted  into  a  groove  hollowed  in  the  bottom  and  sides.  This 
groove  is  placed  7in.  from  the  extreme  end  of  the  trunk, 
thus  leaving  the  exterior  part  of  the  tree  projecting  appar- 
ently uselessly  behind,  imless  it  served  the  purpose  of  steady- 
ing the  boat.  The  motive  for  making  these  canoes  with  an 
open  stern  and  then  closing  it  with  a  moveable  stern  board 
at  some  little  distance  from  the  extreme  end,  is  not  at  all 
clear,  nor  the  advantage  to  be  gained  thereby  very  in- 
telligible, as  the  stern  board  must  have  been  calked,  probably 
by  moss,  bark,  or  other  material  in  order  to  make  the  boat 

*  Fig.  B.— "Extreme  length,  8ft.  9in.  Greatest  width,  2ft.  Gin.,  outside 
measare  at  a  distance  of  6ft.  Sin.  from  the  extreme  end  of  the  prow.  At  2ft. 
6in.  from  the  prow  it  is  2ft.  lin.  across,  and  at  14in.  from  the  prow  it  is 
1ft.  2in.  Width  at  the  top  of  the  stemboard  inside  is  1ft.  7in.  The  greatest 
depth  within  is  1ft.  The  prow  projects  lOin.  forward  of  the  dug  out  portion 
in  a  sort  of  nozzle,  through  which  a  hole  IJin.  diameter  is  pierced.  The 
bottom  is  flat,  and  at  widest  part  measures  1ft.  Sin  across.  Thickness  of  the 
aide  of  the  boat  varies  from  lin.  to  1  Jin.*' 

t  For  the  illustrdtions  (taken  from  the  photographs)  of  the  Preston 
canoes,  Figs  B  and  C,  I  have  to  thank  the  Rev.  Mr.  Shortt,  who  has  kindly 
plnced  the  blocks  at  my  disposal. — M.  S. 


302 

watertight,  and  the  fashioning  of  the  grooves  must  have 
added  largely  to  the  labour,  considering  the  implements  that 
were  probably  used  in  the  process. 

This  type,  though  not  the  most  primitive,  is  undoubtedV^ 
an  ancient  one,  examples  of  which  have  been  found,  unde^^ 
somewhat  similar   circumstances   to   those    of    the  Ribb9-^^ 
Valley,  in  both  Ireland  and  Scotland,  and  more  exceptionalL 
on  the  Continent  of  Europe. 

It  is  a  rare  form  in  Switzerland,  but  one  has  been  foun 
in  the  lake  of  Bienne,  and  described  by  M.  E.  Fellenber( 
the  separate  piece  of  wood  forming  the  stem-board  bein       -^8 
fixed  inwards  about  8  inches  from  the  end. 

The  presence  of  this  type  of  canoe  in  connection  with  tk^*^^ 
dwellings  of  a  Celtic  people  may  be  of  some  significance. 

The  second  canoe*   (Fig.  C,  see  Plate)  described  by  Mt^^  ^• 
Heathcoto  is  an  extremely  rude   one,  it  is  flat  bottomedt^^» 
and  is  cut  ofF   square  at  the  stern  end.     The  stem, 
ever,    is   not   a   moveable   one,   but   is   a    portion   of    th« 
solid    trunk,    and    instead   of    forming    the  extremity  o< 
the  canoe,  is   cut  a   few   inches  inwards,  leaving  a  smal 
piece    of    the    exterior    portion    of    the    tree    piojectin[_ 
behind.       The    bow    end    is    roughly    rounded,    throughJ^'^S 
which  an  irregularly  shaped  hole  has  been  pierced  abou'-^-^ 
2  inches  in  diameter.     There  are  no  signs  of  rowlocks.     Th^-^^^*^^ 
interior  has  been  excavated  into  a  trough  like  form,  ancp  ^--•n 


reminds  one  of  the  *'  Einbaume"  of  the  Swiss  Lake  dwell--!-* '" 
ings  of  the  "  Bronze  Age  "  period. 

This  boat  was  found   encrusted  with  shingle,  and   M 
Heathcote  says  "  shows  unmiatakeable  traces  of  clear  cuts^  ^^  *^ 
evidently  produced   by   metallic,   probably   bronze   tools.*  ^  ^ 


•  Fig.  C— "  Extreme  length.  7ft.  8Jin. ;  greatest  width,  2ft.  Sin. ;  widtC  ^^^^^ 
at  fltom,  2ft.  2in.  ;  depth,  1ft.  2}in.  ;  bottom,  \\m.  thick  in  the  centre,  kh^M^^'^ 
4 Jin.  thick  at  the  stem.     In  the  bow  is  an  irregularly  shaped  .hole  for 
ro}>e.'* 


-  A 
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Both  these  boats  are  of  a  ruder  style  of  art  and  construction 
than  our  Barton  one,  and  might  on  this  ground  claim  a 
higher  antiquity,  citing,  for  example,  the  well  fashioned 
stem  and  stem  of  the  latter  when  compared  with  the 
Preston  specimens. 

Another  reason  for  considering  the  Preston  canoes  more 
ancient  than  the  Barton  one,  might  be  adduced  the  fact  of 
their  association  in  the  river  gravels  with  the  remains  of  the 
Urns,  or  the  aboriginal  wild  ox  of  the  British  forests,  an  animal 
whose  remains  are  comparatively  rare,  but  which  apparently 
existed  here  in  great  nimibers.  Though  the  size  of  the  skull 
and  horns  of  the  Urus  of  the  Ribble  Valley  do  not  betoken 
so  large  an  animal  as  that  mentioned  by  Julius  Caesar,  as 
inhabiting  the  British  forests,  and  as  not  much  inferior  to  the 
Elephant  in  size,  yet  the  specimen  mentioned  by  the  Rev 
Mr.  Shortt,  whose  horns  measure  2ft.  Sin.  from  tip  to  tip, 
must  have  been  rather  a  formidable  animal,  if  only  a 
degenerate  descendant  of  the  prehistoric  Urus. 

Some  authorities  hold.  Professor  Owen  among  the  number, 
that  the  Urus  or  Bos  primigenius  became  extinct  in  Great 
Britain  during  prehistoric  times,  while  others  hold  that  it 
may  have  survived  into  historic,  in  the  wilder  or  less  acces- 
sible parts  of  the  country. 

However  this  may  be,  we  have  unmistakeable  evidence  of 
the  existence  of  this  wild  ox  in  great  numbers  in  the  Ribble 
Valley,  at  the  time  when  these  ancient  canoes  were  probably 
used  by  contemporaneous  man  for  either  traversing  the 
stream  or  for  fishing  purposes. 

Remarkably  fine  and  numerous  specimens  of  the  skull  and 
antlers  of  the  red  deer,  Cervus  elaphus,  have  been  also  obtained 
from  the  same  deposits,  and  now  adorn  the  walls  of  the 
Preston  Museimi. 

These,  perhaps,  do  not  plead  for  so  great  an  antiquity  of 
these  Ribble  deposits  as  the  Bos  pritniyenius,  seeing  that  the 
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red  deer  still  exist  in  a  wild  or  semi-wild  state  in  the  forests 
of  Scotland. 

Other  rivers  and  inland  waters  of  the  British  Isles  have 
yielded  from  time  to  time  examples  of  the  skill  of  our 
-ancient  boat  builders,  but  perhaps  none  can  compare  with 
the  river  Clyde  and  its  estuary  for  the  number  and  impor- 
tance of  its  illustrations  of  these  ancient  types  of  naval 
'architecture. 

Some  15  to  20  having  been  exhumed  in  different  portions 
of  the  river  and  estuary  during  the  present  century. 

The  largest  of  these  Clyde  canoes  was  probably  one 
discovered  in  1854,  at  Erskine  Ferr\%  10  miles  beldw 
Glasgow. 

It  was  hollowed  out  of  a  single  oak,  and  measured  29ft. 
in  length,  the  stern  was  an  open  one,  and  had  grooves  for 
the  fixing  of  a  vertical  board,  like  the  one  found  at  Preston. 

An  account  of  these  ancient  canoes  was  compiled  by  Mr. 
John  Buchanan,  and  read  at  the  meeting  of  the  British  Asso- 
ciation at  Glasgow  in  1855,  and  therefore  I  need  not  further 
allude  to  them  here,  except  to  mention  that  an  immense 
antiquity  was  claimed  for  them,  owing  to  the  position  in 
which  some  of  them  were  found,  viz.,  beneath  the  streets  of 
the  city  of  Glasgow  itself,  while  digging  the  foundations  of 
various  buildings,  thus  showing  a  great  change  in  the 
relative  level  of  the  land  and  sea,  since  the  period  when 
they  were  buried  beneath  the  streets  of  modern  Glasgow. 

These  Clyde  canoes  undoubtedly  belong  to  different  epochs; 
while  some  may  rightly  claim  a  great  antiquity,  others  are 
certainly  not  pre-historic,  as  is  shown  by  an  examination  of 
the  workmanship  and  the  materials  used  in  their  construc- 
tion. 

Other  examples  of  these  ancient  single  piece  canoes  or 
**  dug-outs  "  have  been  met  with  in  the  inland  waters  or  lakes 
surrounding   the  artificial   or   small   natural   islands   upon 
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which  the  Crannoges  or  Lake-dwellings  of  Ireland  and 
Scotland  have  been  constructed. 

They  are  not  all  of  the  same  type,  some  being  of  the 
trough-like  form,  while  others  are  pointed  at  either  one  or 
both  ends,  while  others  have  the  moveable  stern  piece  let 
into  a  groove,  as  in  the  Preston  canoe.  They  are  for  the 
most  part  flat-bottomed. 

They  differ  also  in  length,  from  8  or  9  feet  long  to  20  or 
24  feet,  but  some  are  known  which  far  exceed  these 
measurements,  showing  that  trees  of  almost  gigantic  size 
were  used  for  boat-building. 

Typical  examples  of  Irish  canoes  may  be  seen  in  the 
museum  of  the  Royal  Irish  Academy  at  Dublin,  where  the 
largest  known  canoe*  formed  of  a  single  tree,  may  be  seen, 
whose  remains  now  measure  42  feet  in  length.  The  canoe, 
in  its  original  state,  probably  measuring  about  45  feet  long 
by  from  four  to  five  feet  wide.  It  was  recovered  from  the 
bottom  of  Lough  Owel,  in  Westmeath,  and  had  to  be  cut 
into  eight  pieces  for  the  purposes  of  transport. 

These  crannoges,  though  serving  at  times  the  purpose  of 
ordinary  rude  dwellings,  were  used  also  as  island  fortresses 
or  places  of  security  and  retreat  by  the  native  kings  or 
chiefs  in  time  of  war. 

Several  examples  of  these  single-piece  canoes  have  been 
disinterred  from  the  neighbourhood  of  these  crannoges, 
thus  identifying  their  age  with  the  habitation  of  these  rude 
structures.  The  date  of  the  occupation  of  some  of  these 
crannoges  is  known,  as  frequent  mention  is  made  of  them 
in  the  Irish  Annals,  in  the  battles  of  the  native  Irish  chiefs, 
and  during  the  wars  with  the  English,  down  to  the  16th 
and  17th  centuries. 

Moreover,  Sir  Jas.  Ware,  the  eminent   Irish  antiquary, 

•  A  canoe,  measuring  50  feet  in  length,  was  found  in  the  Lake  of  Bienne, 
Switzerland,  but  was  not  brought  to  the  surface. 
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who  died  in  the  year  1666,  says  that  in  his  time  "  dug-outs' 
were  in  use  on  the  rivers  of  Ireland,  and  it  is  said  of  one 
of  the  canoes  now  in  the  Museum  at  Dublin,  that  it  bore 
Queen  Elizabeth  across  one  of  the  Irish  streams  during  her 
visit  to  the  sister  isle. 

Similar  remarks  would  apply  to  the  Scotch  crannoges,  a 
few  of  which  were  in  occupation  so  late  as  the  early  part  of 
the  17th  century,  and  some  of  the  canoes  found  in  connec- 
tion with  them,  hsid  the  peculiar  feature,  previously  described, 
of  the  stern,  closed  by  a  vertical  board  sliding  into  grooves 
cut  out  of  the  solid  wood. 

While  bringing  these  Irish  and  Scotch  lake  dwelling 
canoes  en  Svidence,  one  cannot  help  referring  to  their  Swiss 
prototypes,  especially  as  they  are  the  most  ancient  of  which 
we  have  any  memorials,  and  where  we  are  probably  brought 
face  to  face  with  the  dawn  of  the  art  of  navigation  in  that 
portion  of  the  pro-historic  epoch  known  to  arcbax)logists  as 
the  polished  stone  and  bronze  periods.  The  lakes  of  Switzer- 
land have  yielded  to  explorers  many  examples  of  this 
primitive  boat,  which  is  nothing  more  than  a  trunk  of  a  tree 
squared  on  one  side,  the  interior  hollowed  out  into  the  form 
of  a  trough,  by  the  aid  of  rude  stone  implements,  assistod  by 
fire,  probably  in  the  same  way  as  is  related  of  the  Indians  in 
America,*  the  external  portion  of  the  tree  being  left  un- 


•Boverley,  in  his  History  of  Virginia,  says:  "They  bring  down  a  great 
tree  by  making  a  small  fire  round  the  root,  and  keeping  the  flame  from 
running  upward,  until  they  burn  SLway  so  much  of  the  basis,  that  the  least 
puff  of  wind  throws  it  down.  When  it  is  prostrate  they  bum  it  off  what 
length  they  would  havo  it,  and  with  their  stone  tomahawks  break  off  all  the 
bark,  which,  wh(?n  the  sap  runs,  will  easily  strip,  and  at  other  times  also 
will  como  off  when  well  warmed  by  fire.  When  it  is  brought  to  a  due  length 
they  raise  it  upon  a  bed  to  a  convenient  height  for  their  working,  and  then 
begin  by  gentle  fin.'S  to  hollow  it,  and  with  scrapers  rake  the  trunk,  and  turn 
away  the  fire  from  one  place  to  another,  till  they  have  deepened  the  belly  of 
it  to  their  desire  ;  thtis  also  they  shape  the  ends  till  they  have  made  it  u  fit 
vessel  for  crossing  the  water ;  and  this  they  call  a  canoe,  one  of  which  I  have 
aecn  30ft.  long.'* 
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touched,  no  fashioned  bow  or  stem,  but  the  ends  cut  square 
or  straight,  and  no  signs  of  rowlocks,  the  boat  probably 
having  been  propelled  by  a  pole  or  paddle. 

Those  with  the  ends  pointed  or  rounded  would  seem  to  be 
an  improvement  and  advance  upon  this  earliest  type,  yet  the 
flat  bottomed  canoe,  with  its  trough  shaped  interior  of  our 
British  examples,  is  a  very  ancient  form  which  resembles 
closely  some  of  these  specimens  of  prehistoric  workmanship. 
Similar  canoes  to  these  ancient  dug-outs  are  said  to  be  still 
in  use  in  some  parts  of  Eastern  Switzerland,  and  are  even 
still  manufactured. 

Dr.  Keller,  in  his  work  on  the  Lake  Dwellings  of  Switzer- 
land, says  that  in  1865  he  saw  a  boat  of  this  description 
in  the  harbour  of  the  town  of  Zug.  Thus  the  mere  fact  of 
these  canoes  being  made  of  hollowed  trees,  does  not  entitle 
them  to  any  hoary  antiquity,  nor  can  even  the  rude  shape 
be  taken  as  a  sure  criterion,  for  canoes  have  been  found  of 
the  most  ancient  or  rudest  type,  yet  containing  articles  of 
iron.  The  internal  evidence,  therefore,  of  the  Barton  canoe 
and  its  comparison  with  those  of  other  districts,  found  under 
similar  circumstances,  lends  no  support  to  the  assumption 
of  its  prehistoric  character. 

Having  roughly  indicated  the  character  of  the  evidence 
of  antiquity  to  be  drawn  from  a  comparison  of  numerous 
examples  of  ancient  dug-outs,  both  at  home  and  abroad,  let 
us  now  see  whether  more  reliable  or  exact  data  as  to  age  can 
be  gathered  from  an  examination  of  the  nature  and  position 
of  the  beds  where  the  canoe  was  found. 

The  canoe  lay,  as  you  are  aware,  in  the  soft  and  incoherent 
beds  called  alluvial,  because  deposited  by  the  old  river  in 
some  former  period  of  its  history. 

We  know   that    these   deposits   are    recent   from   their 

18 
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position,  but  we  have  no  reliable  means  of  guaging  their  age 
from  the  thickness  of  the  beds,  as  no  measures  have  been 
taken  to  ascertain  the  quantity  of  earth,  sand  and  gravel, 
that  may  be  carried  down  and  deposited  by  the  river  in  any 
single  year. 

The  quantity  of  material  transported  by  a  river  is  more- 
over not  constant  at  any  time  of  the  year,  or  in  any  part  of 
its  channel,  it  varies  according  to  the  velocity  of  the  current 
and  the  volume  of  water  in  the  channel.  In  flood  time  the 
matter  held  in  suspension  is  much  in  excess  of  that  when 
the  water  is  low  and  flowing  quietly. 

Many  attempts  have  been  made  to  utilize  as  natural 
chronometers,  the  growth  of  river  deposits,  deltas,  peat  bogs, 
&c.,  but  the  results  at  the  best  can  only  be  approximative, 
and  often  are  most  misleading. 

When  you  have  no  uniformity  or  regularity  in  the  amount 
of  matter  deposited  in  any  single  year,  the  attempt  to  value 
the  amount  of  accumulation  of  100  or  1,000  years  must  be 
fruitless.  Moreover  these  deposits  once  formed,  are  subject 
to  continual  changes  and  removal,  owing  to  the  irregular 
action  of  the  stream,  and  one  abnormal  flood  may  upset  the 
nice  calculations  of  many  years. 

Although  you  will  see  that  no  reliance  can  be  placed  on 
alluvial  deposits  as  a  measure  of  absolute  time,  yet  they  are 
often  of  great  value  as  relutire  chronometers. 

For  instance,  close  investigatic^n  has  been  made  of  sections 
of  the  alluvial  deposits  on  the  banks  of  such  rivers  as  the 
Saone  and  the  Rhone;  and  in  a  certain  order  of  super- 
position have  been  found  fragments  of  Roman  pottery, 
coins,  bronze,  and  stone  implements,  bones  of  extinct 
unii^als,  &c. 

By  this  means  you  can  establish  a  relative  chronology,  as 
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the  layers  beneath  that  containiDg  Roman  coins  and  pottery, 
must  be  pre-Boman,  and  so  on. 

If  we  had  been  able  to  find  similar  relics  in  the  beds  at 
Barton,  we  should  have  made  use  of  them  as  a  valuable  and 
interesting  natural  chronometer  for  assessing  the  probable 
age  of  our  canoe,  but  their  absence  renders  this  impractic- 
able. 

Thus  the  third  source  of  information,  as  I  suggested, 
whence  probable  aid  might  be  sought  for  determining  the 
age  of  the  canoe  fails  us,  as  no  relics  to  which  any  definite 
antiquity  can  be  attached  have  yet  been  discovered. 

In  making  this  statement,  I  do  not  forget  the  wooden 
comb  which  Mr.  Boeder  exhibited  here  a  short  time  ago 
at  one  of  our  meetings,  but  it  is  an  article,  though 
rude  and  antique  in  form,  which  may  belong  to  any 
age  or  country,  and  probably  similar  examples  might  be 
found  in  use  in  out-of  the  way  districts  even  at  the  present 
day.* 

To  sum  up  our  review,  we  see  that  no  certain  data  are 
available  for  arriving  at  a  correct  conclusion  as  to  the 
absolute  age  of  this  so-called  pre-historic  canoe. 

We  find,  by  comparison,  that  the  form  is  not  one  of  the 
oldest  types,  its  stem  aud  stem  are  fairly  well  modelled  and 
rounded,  it  has  a  large  internal  capacity,  and  shows  higher 
art,  greater  skill,  and  an  access  to  better  cutting  tools  than 
many  of  those  that  have  been  referred  to.  Even  if  it  hsid 
been  of  a  ruder  and  older  type,  that  alone  would  not  be  a 
sufficient  reason  for  classing  it  as  pre-historic,  for  I  well  re- 
memember  some  25  or  30  years  ago  standing  one  summer 


*  A  wooden  comb  very  similftr  in  mako  and  form  to  the  one  discovered  by 
Mr.  Boeder  at  Barton  waa  found  by  Dr.  Angus  Smith,  F.RS.,  in  some 
excavations  made  by  him  at  the  Inke  dweUings  at  Ledaig  and  Lochnoll, 
Argyleshire,  and  described  in  l^oc.  Soc.  Antiq.  Scot.,  Vol.  X.,  p.  82. 
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evening  on  the  bridge  which  spans  the  Towy  at  Gaermarthen, 
in  South  Wales,  and  seeing  a  number  of  fishermen  approach- 
ing the  river  banks,  from  different  directions,  each  carrying 
his  boat  upon  his  back,  evidently  not  a  heavy  burden,  as  he 
moved  lightly  on  his  way  with  his  hands  free.  What  kind 
of  boat  was  this,  none  other  than  the  old  British  **  carach," 
or  coracle,  a  fishing  canoe  similar  to  those  seen  in  use  by  the 
Roman  soldiers  when  they  invaded  Britain,  and  of  which  an 
account  is  given  in  Julius  Caesar's  **  Commentarii  de  Bello 
GaUico/' 

The  coracle  is  still,  I  believe,  in  use  on  some  of  the  Welsh 
rivers,  and  why  P  possibly  because  of  its  lightness,  convenience, 
and  fitness  for  the  work  it  has  to  do,  advantages  which  have 
not  yet  been  superseded  by  the  modern  and  more  expensive 
clinker-built  boat. 

Here  then  we  have  a  boat,  certainly  of  a  pre-Roman 
tjrpe,  coming  down  to  us  unimproved  from  barbarous 
ages. 

If  the  form  or  rudeness  of  workmanship  cannot  therefore 
be  adduced  as  a  sure  criterion  of  antiquity,  we  cannot  lose 
sight  of  the  fact,  however,  in  estimating  the  age  of  the  Barton 
canoe  of  its  having  been  found  buried  deep  in  alluvial  strata, 
but  in  the  consideration  of  this  portion  of  the  question  caution 
must  be  used,  and  it  will  perhaps  not  be  inappropriate  here 
to  quote  the  observations  of  Dr.  Geikie,  when  referring  to 
the  buried  canoes  in  the  valley  of  the  Clyde  {Quart.  Jour, 
Qeol  Soc,  Vol.  18,  p.  224)  :— 

"  The  relative  position  in  the  silt  from  which  the  canoes 
were  exhumed  coxild  help  us  little  in  any  attempt  to  ascer- 
tain their  relative  ages,  unless  they  hsid  been  found  vertically 
above  each  other.  The  varying  depths  of  an  estuary,  its 
banks  of  silt  and  sand,  the  set  of  its  currents,  and  the  in- 
fluence of  its  tides  in  scouring  out  alluvium  from  some  parts 
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of  its  bottom  and  re-depositing  it  in  others  are  circumstances 
which  require  to  be  taken  into  account  in  all  such  calcula- 
tions. Mere  coincidence  of  depth  from  the  present  surface 
of  the  ground,  which  is  tolerably  uniform  in  level,  by  no 
means  necessarily  proves  contemporaneous  deposition.  Nor 
would  such  an  inference  follow  even  from  the  occurr- 
ence of  the  remains  in  distant  parts  of  the  very  same 
stratum." 

The  same  reasoning  would  apply  to  the  changes  continually 
going  on  in  the  banks  and  beds  of  rivers  by  the  deposition, 
removal,  and  re-deposition  further  down  the  channel  of  the 
sands  and  sediments  carried  by  the  current. 

Great  changes  are  brought  about  by  storm  waters  or 
floods,  new  channels  made,  old  ones  closed,  and  these  altera- 
tions of  the  bed  are  not  slow  of  growth,  but  probably  the 
result  of  onlv  a  few  hours'  work. 

Therefore,  you  will  infer  that  alluvial  deposits,  bari'en  of 
any  relics  of  man's  handiwork,  can  scarcely  avail  us  in  any 
correct  estimate  of  the  age  of  the  canoe  in  question. 

We  have  seen  that  man,  especially  when  in  a  rude  state 
of  civilisation,  has,  in  all  ages,  according  to  his  necessities 
and  opportunities  made  use  of  the  same  raw  materials  and 
fashioned  them  much  in  the  same  way  in  countries  widely 
separated  from  each  other. 

Notwithstanding  the  progress  of  arts  and  manufactures, 
so  marked  and  so  visible  in  the  neighbourhood  of  our  con- 
gested cides  and  towns,  yet  one  may  still  occasionally  find 
the  past,  as  it  were,  living  in  the  present,  and  ancient  habits 
and  customs  holding  their  sway  over  isolated  people  or 
communities. 

To  sum  up  then  the  whole  matter  by  the  evidence  at  hand, 
I  think  the  Barton  canoe  can  not  rightly  claim  its  title  of 
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pre-historic,  and  it  would  appear  by  comparison  with  the  two 
found  at  Preston  to  be  of  more  modern  constniction  than 
they. 

The  conclusion  then  would  bo  that  it  is  of  post-Boman 
age,  and  that  its  years  may  be  numbered  only  by  a  few 
centuries,  but  how  many  it  would  be  impossible  to  tell. 


Mr.   Kendall  pointed  out  that  all  the  boats  found  at 
different  periods,  at  Preston,  at  Glasgow,  and  elsewhere, 
neodo<l  careful  description,  little  being  known  about  the  ag^ 
of  any  one  of  them.     He  could  not  endorse  all  Mr.  Stirrup^  * 
conclusions.     He  did  not  think,  himself,  that  an  excavat^^^ 
boat  like  that  found  at  Barton,  could  have  been  fashioner ^^ 


a 


in  such  very  recent  times.      It  was  not  probable  that 
people  acquainted  with  the  merest  elements  of  joinery  woul  - 
construct  a  boat  by  such  a  laborious  process.     It  was  mor*"^ 
likely,  he  thought,  that  they  would  split   planks  roughly,. ^* 


and  piece  them  together.     He  was  encouraged  in  this  vie^ 
because  the  boat  showed  no  signs  of  provision  for  oars  o^^^^ 
sails.     He  did  not  think  it  likely,  judging  from  the  build  oC^-^^ 
the  boat,  that  it  could  have  been  a  ferrv  boat.     It  was  sue.        ^ 
a  boat  as,  even  brand  new  and  vdth  all  its  pristine  buoyancj^ft'» 
he  would  not  like  to  navigate  on  a  stream  like  the  IrweL-    !• 
He  thought  for  th6  purposes  of  a  ferry  they  would  be  luoi 
likely  to  use  a  roughly  built  punt.     Comparing  this  wit 
the  Preston  boat,  he  was  inclined  to  think  that  it  represent* 
a  ruder  type.      The  Preston  boat  (the  one  described  by  tfc^^ 
Rev.  Mr.  Shortt)  was  rather  delicately  shaped ;  it  was  fl  ^ 
bottomed,  which  was  the  only  thing  that  coidd  be  urg^^^^ 
against  its  age,  and   he  was  inclined  to  think    that   tb-  "^ 
graceful  shaped  Preston  boat  w^as  of  much  finer  workro^*- 
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ship  than  the  one  found  at  Barton,  and  altogether  of  a 
higher  type.  He  believed  the  loose  stem  board  in  the 
Preston  boat  served  a  very  important  function.  One  cir- 
cumstance which  induced  him  to  regard  the  boat  of  con- 
siderable age,  was  the  fact  that  Leigh  in  a.d.  1700 
described  a  dug-out  foimd  at  Martin  Mere,  and  showed 
conclusively  that  such  boats  were  not  in  use  in  the 
neighbourhood  in  his  time  by  the  wild  speculations  he 
indulged  in  regarding  the  nationality  of  the  boat-builders. 
The  boats  foimd  at  Glasgow  were  generally  of  the  type 
with  moveable  stem  boards.  They  had  the  advantage, 
in  two  cases  which  might  be  cited  (one  of  them  having  a 
very  interesting  connection  with  the  Barton  boat),  the 
means  of  fixing  the  minimum  age  of  these  boats.  Boats 
had  been  found  in  the  Carse  of  Falkirk  and  the  Carse  of 
Stirling,  of  which  descriptions  had  been  published,  and 
from  evidences  of  the  Boman  occupation  in  their  inmiediate 
vicinity  they  were  enabled  to  say  that  those  boats  were  not 
later  than  the  second  century  of  the  Christian  era  at  all 
events.  But  he  agreed  with  Mr.  Stirrup  that  it  was  quite 
impossible  to  estimate  the  age  of  any  of  them  from  the 
geological  surroundings. 

Mr.  Stirrup  said  he  could  not  accept  Mr.  Kendall's 
view  as  to  the  age  of  the  Preston  "Dug-outs'*  with  a 
moveable  stem  board.  They  were,  in  his  judgment,  of  a 
decidedly  older  type  than  the  Barf  on  boat,  taking  into  con- 
sideration both  the  workmanship  and  the  fact  of  their  being 
flat-bottomed.  Nor  could  he  endorse  his  appreciation  of  the 
graceful  lines  of  the  Preston  boat. 

He  adhered  to  the  opinion  he  had  expressed  from  a  full 
consideration  of  the  facts  he  had  put  before  them.  It  was 
somewhat  difficult  to  conceive  that  a  boat  whose  lines  were 
so  true  that,  as  stated  by  Alderman  Bailey,  he  inferred  it 
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was  designed,  from  the  fact,  that  an  imaginary  line,  drawn 
through  the  centre,  from  one  end  to  the  other,  was  the  actoal 
centre.  That  would  be  a  singular  circumstance  if  it 
were  what  Mr.  Kendall  described  it  to  be,  a  roughly  dug  out 
boat. 

This  concluded  the  meeting. 
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SPECIAL    MEETING    AT    WIGAN. 


A  Special  Meeting  of  the  Members  was  held  on  Friday, 
2nd  August,  1889,  in  the  Mining  School,  Wigan. 

This  Meeting  was  called  in  accordance  with  a  resolution 
passed  at  the  last  meeting  at  Wigan,  on  the  10th  of  May, 
when  it  was  resolved  to  adjourn  the  discussion  "  On  the 
Use  of  Roburite  in  Coal  Mines,  and  on  the  Effects  of  Roburite 
Fumes,*'  until  the  publication  of  the  report  of  a  Committee 
of  medical  gentlemen  {see  Beport,  page  329),  who  had  heen 
requested  to  test  the  accuracy  of  the  complaint  of  the  men 
at  the  Park  Lane  Collieries,  Wigan,  as  to  the  injurious 
effects  of  the  fumes  of  roburite. 

In  the  unavoidable  absence  of  the  President,  Mr.  Hxhry 
Hall,  H.M.  Inspector  of  Mines,  was  called  to  the 
Chair. 


The  Chairman  said  all  he  had  got  to  do  was  to  ask  some 
gentlemen  who  had  had  some  experience  of  roburite  to 
continue  the  discussion.  Roburite  seemed  to  him  to  have 
become  rather  a  party  question.  He  thought  the  Society, 
at  any  rate,  should  try  to  discuss  it,  without  any  reference 
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to  party  at  all,  but  simply  upon  its  merits.  Perhaps 
the  best  thing  he  could  do  would  be  to  ask  Dr. 
Hannah  if  he  had  anything  to  add  to  the  report  already 
issued. 

Dr.  Hannah  did  not  know  that  he  had  anything  further 
to  add  to  the  report.     As  regarded  the  fumes  of  roburite, 
he  and  his  colleagues,  who  conducted  the  inquiry  at  Park 
Lane,  were  in  a  closed  up  place,  three  feet  high,  for  about 
an  hour,  and  several  shots  were  fired,  but  personally  they 
experienced  no  inconvenience  themselves,  and  the  chemical 
analysis  of  roburite  showed  that  there  was  no  noxious  gas 
from   the  material  itself.     The  investigation  was  a  very 
thorough  one,  and  lasted  some  three  months,  and  he  thought 
that  every  little  detail  in  connection  with  it  was  carried  out. 
The  inquiry  was  entirely  confined  to  the  question  of  roburite 
fumes.     There  was  no  issue  put  forth  as  to  make  any  com- 
parison between  that  explosive  and  any  other — ^gunpowder, 
for  instance.     With  respect  to  the  information  obtained,  he 
wrote  to  all  the  diflferent  employers  in  the  district  who  had 
used  roburite,  and  all  the  evidence  he  got  from  them  was 
quite  satisfactory.     There  had  been  a  case  at  one  or  two 
collieries  of  ill  efEects,  but  it  was  directly  traced  to  wrong 
manipulation  of  the  cartridges.     So  far  as  his  own  experience 
went,  he  had  no  case  of  poisoning  from  the  fumes  of  roburite. 
He  saw  that  the  question  had  been  raised  that  roburite  must 
be  detrimental  to  health,  for  the  reason  that  vermin  had 
been  killed  in  the  pit  where  it  was  used.     That  was  all  very 
well,  but  it  was  a  very  strange  thing,  if  it  did  affect  the 
men's  health,  they  did  not  see  cases  turning  up  which  could 
be  absolutely  attributed  to  it.     If  it  was  harmful,  the  horses 
and  ponies  in  the  pit  would  be  poisoned,  for  just  the  same 
oxidization   went  on  in   them.      He   was   satisfied   in  his 
own    mind    that   the    fumes   evolved    from    roburite   were 
innoxious. 
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The  Chairman  :  There  was  one  point  which  seemed  to  be 
of  importance.  Have  you  made  any  experiments  of  the 
effects  of  the  fumes  of  gunpowder  P 

Dr.  Hannah  said  they  did  not  make  any  analytical  test 
with  regard  to  gunpowder — they  simply  saw  the  fumes  of 
that  explosive  more  out  of  curiosity  than  anything  else. 

The  Chairman  :  You  simply  fired  the  shot  P 

Dr.  Hannah  :  Tes,  and  went  into  it  to  see  what  it  was 
like. 

The  Chairman  :  Which  do  you  think  would  be  more 
likely  to  be  most  injurious,  gunpowder  or  roburite  P 

Dr.  Hannah  :  Gunpowder.  I  would  sooner  work  in  the 
roburite  fumes  than  in  those  of  gunpowder. 

The  Chairman  asked  if  some  gentlemen  who  had  used 
roburite  since  the  last  meeting  would  give  his  experience. 

Mr.  Clark  said  :  With  regard  to  using  roburite,  that  the 
matter  had  been  settled  at  the  Park  Lane  collieries,  as  at  the 
latter  end  of  January  the  men  there  agreed  to  use  it  in  most 
of  the  mines,  and  he  had  not  had  a  case  brought  to  his^ 
knowledge  of  any  man  being  affected  by  the  fumes  or  from 
the  handling  of  the  roburite.  Many  of  the  old  colliers  told 
hiTFi  they  preferred  the  fumes  of  roburite  to  those  of 
gunpowder.  He  asked  Dr.  Hannah  if  he  knew  what  the 
component  parts  of  the  fumes  of  gunpowder  consisted  of. 
They  were  told  in  the  report  that  "  when  the  roburite  was 
fired  in  the  boiler  without  being  confined  in  coal,  we  could 
detect  no  carbonic  oxide  in  the  products  of  the  explosion.'^ 
It  appears  from  this  that  the  carbonic  oxide  is  produced  by 
the  action  of  the  heated  gases  of  the  coal,  and  is  not  a  direct 
product  of  the  explosion  of  roburite.  We  think  it  probable 
that  all  explosives  giving  off  carbonic  acid  would  produce 
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traces  of  oarbonic  oxide  due  to  the  contact  of  heated  carbonic        I   na 
acid  with  coal."     If  they  knew  what  the  component  parts        |   ^ 
of  the  fumes  of  gunpowder  were,  he  thought  it  would  be  a 
matter  which  perhaps  might  go  a  long  way  to  settle  that 
question,  which  seemed  to  be  agitating  the  minds  of  somfi 
portion  of  the  mining  community  in  the  district.     He  dii 
not  know  whether  the  colliers  themselyes  were  complaininf 
much   about  it.      If  they  had  information   to  prove  tib^ 
comparative  component  parts  of  gunpowder  and  roburt^t 
and  other  explosives  it  might  settle  the  minds  of  those  peo]p>^^ 
who  were  hesitating  about  the  matter.     The  question       ^^ 
explosives  was  a  most  important  one,  and  was  brought  a1 
by  the  legislation  of  1887,  when  the  Mines  Regulation 
was  passed.     Practical  mining  engineers  knew  that  the 
in  which  it  was  stated  gunpowder  should  be  used  was  sim] 
impracticable,  and  therefore  they  had  to  look  round  to 
what  explosive  they  could  find  that  would  comply  with  fc:::^® 
regulations  laid  down  in  the  Act,  and  the  introduction  ^ 

roburite  came  about.  It  was  tested  most  carefully,  not  '  ^^ 
the  Roburite  Company  themselves,  but  by  practical  mini^^-^ 
engineers  in  the  district,  and  in  France  and  Germai^^^^y* 
who  satisfied  themselves  that  under  most  ordinary  circui^^^  ^' 
stances  it  was  an  explosive  that  could  be  used  to  carry  cc^^^^^ 
all  the  requirements  of  the  Act  of  Parliament.     Roburfc^^""^^ 


was  not  a  thing  they  jumped  at  without  fully  ascertaining  th^^-^ 
there  was  something  in  it,   and  he   thought  the   pubC^^ 
generally   would   give  the  mining  engineers  and  ooUie  "*=^^ 
proprietors  credit  for  this,  that  if  they  had  the  slightt-^  ^ 


idea  that  the  fumes  of  roburite  in  any  way  whatever  int 
f  ered  with  the  health  of  the  workmen,  they  would  be  i..^^ 
very  first  to  seek  its  withdrawal  from  the  pits.     Howev^  ^"^ 
from  inquiries  he  had  made  at  neighbouring  collieries  whc^^  ^® 
roburite  had  been  used,  he  bad  not  been  able  to  ascert 


one  authenticated  case  of  a  workman  being  affected  by  ^  ^  *^^ 
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fumes.     There  had  been  some  cases  of  injury  or  poisoning 
from  the  manner  in  which  it  had  been  handled. 

The  Chairman  :  Not  any  fatal  poisoning  P 

Mr.  Clark  :  No,  and  I  think  if  roburite  is  deleterious  or 
does  effect  the  health  of  the  workmen  it  would  have  been 
seen  before  now,  because  there  are  all  kinds  of  constitutions 
amongst  the  colliers,  and  if  the  fumes  are  of  that  harmful 
character  they  are  stated  to  be  they  would  have  had  some 
effect  on  delicate  men. 

Dr.  Hannah  said  the  point  about  explosives  producing 
carbonic  oxide  was  a  purely  scientific  one,  and  was  referable 
to  the  amount  of  heat  generated  by  the  explosive.  Some 
explosives  were  very  much  higher  and  generated  more  heat 
than  others,  and  he  thought  gunpowder  was  one  of  the 
lower  forms,  giving  less  heat.  It  was  a  chemical  and 
scientific  question  altogether,  and  he  could  not  answer  it, 
but  he  believed  that  some  carbonic  oxide  was  given  off 
directly  from  gimpowder — a  small  quantity — and  many 
other  gases,  sulphurous  acid  and  others,  which  were  very 
irritating  to  the  respiratory  tract. 

Mr.  Saint  asked  if  any  of  the  members  had  experience  of 
the  use  of  roburite  where  a  blown-out  shot  had  been  pro- 
duced and  whether  any  flame  had  been  noticed. 

The  Chairman  :  And  producing  flame  P 

Mr.  Saint  :  A  blown-out  shot  producing  flame. 

Mr.  Clark  said  he  had  not  heard  of  a  blown-out  shot 
taking  place  at  the  Park  Lane  Collieries,  and  he  could  not 
answer  the  question. 

Mr.  Saint  thought  perhaps  in  the  recent  experiments  a 


320 

hole  might  have  been  charged  for  the  purpose  of  producing 
a  blown-out  shot. 

Mr.  Ci.AKK :  That  might  have  been  done,  but  I  am  not 
aware  of  it. 

The  Chairman  :  All  the  tests  that  were  made  some  time 
ago  were  what  we  call  blown-out  shots.  They  were  fired 
out  of  a  cannon,  so  that  they  might  blow  the  ramming. 

Mr.  Saint  :  Tes,  but  I  mean  blown-out  shot  in  the  solid 
coal. 

The  Chairman  :  They  were  somewhat  similar. 

Mr.  Saint  :  You  have  no  coal  dust. 

The  Chairman  :  No,  but  we  watched  for  a  flame  coming 
out  of  the  mouth  of  the  cannon.  Have  you  heard  that  flame 
has  been  seen  P 

Mr.  Saint  :  Yes. 

The  Chairman  :  You  might  give  us  more  details,  because 
it  is  very  important. 

Mr.  Saint  :  I  have  had  no  experience  of  it,  but  I  can  give 
you  the  name  of  the  colliery.  It  was  at  the  Bedford 
Colliery,  where  two  or  three  shots  were  fired  to  test  it.  In 
two  of  them  flame  was  seen — in  one  more  distinctly  than 
the  other. 

The  Chairman  :  We  want  the  unfavourable  as  well  as  the 
favourable  in  a  matter  of  this  kind! 

Mr.  Saint  :  It  seemed  to  me  to  be  rather  an  important 
point,  because  there  have  been  explosions  recently  which 
have  been  attributed  to  blown-out  shots  of  gunpowder. 

Mr.  Boothe  said  the  case  mentioned  by  Mr.  J.  L.  Hedley 
at  the  last  meeting  seemed  to  be  one  in  point  of  a  blown-out 
shot  not  producing  any  fiame. 
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Mr.  Saint  :  I  don't  think  that  was  equivalent  to  a  blown- 
out  shot. 

Mr.  BooTHE  said  if  a  blown-out  shot  of  roburite  created 
flame  he  did  not  see  where  the  advantage  of  the  new  explo- 
sive was.  He  thought  the  men  were  opposed  to  roburite  on 
account  of  the  fumes,  and  if  they  set  themselves  against  the 
men,  while  at  the  same  time  roburite  was  not  so  safe  as  it  was 
said  to  be,  it  seemed  to  him  they  would  be  giving  themselves 
unnecessary  trouble. 

The  Chairman  :  Is  there  any6ne  here  who  has  had  a 
blown-out  shot  during  the  last  two  or  three  months  P 

Mr.  CocKSON  said  they  had  had  one  at  their  colliery  (Ince 
Hall),  but  not  in  coal.  It  was  in  some  very  hard  rock.  The 
shot  imdoubtedly  blew  out,  but  the  man  told  him  there  was 
no  appearance  of  flame  whatever.  He  thought  the  point 
raised  by  Mr.  Saint  about  blown-out  shots  was  amply 
answered  by  experiments  at  the  Wigan  Coal  and  Iron 
Company's  works,  where  repeatedly  blown-out  shots  had 
been  fired  into  a  fiery  mixture — in  some  cases  with  a 
stemming  of  coal  dust — and  the  gas  was  not  fired.  In 
addition  to  that,  he  understood  that  in  the  experiments 
which  were  made  in  Germany  and  Yorkshire,  tests  were 
made  with  blown-out  shots  in  a  mixture  of  coal  dust  and 
gas,  and  no  explosion  resulted,  so  that  whatever  the 
appearance  of  the  flame  may  have  been  which  was  seen  at 
the  Bedford  colliery  they  could  safely  say  that  it  would  not 
inflame  gas.  Whatever  was  seen  was  nothing  more  than 
a  reflection  or  appearance  of  flame,  and  could  do  no  mischief. 
With  regard  to  the  composition  of  gas  caused  by  an  explosion 
of  powder,  he  had  some  information  which  he  had  obtained 
from  a  chemical  book  called  "Watt's  Dictionary  of 
Chemistry."  He  found  from  the* analysis  worked  out  by 
Professor  Abel  that  after  testing  several  varieties  of  powder 
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the  proportion  of  carbonic  oxide  varied  from  7*9  up  to  14*7 
per  cent.  In  a  note  at  the  end  of  the  analysis  it  was  stated 
that  the  *^  explosion  was  made  in  an  iron  vessel  or  pan." 
And  it  was  stated  that  the  manner  of  exploding  the  shots 
and  the  difference  in  the  pressure  might  materially  alter 
the  composition  of  the  gas.  This,  together  with  the 
varying  qualities  of  powder  used,  accounted  for  the  difference 
in  carbonic  oxide  in  the  analyses,  the  difference  being 
from  7*9  to  14*7  per  cent.  He  had  no  idea  that  the 
amoiuit  of  carbonic  oxide  caused  by  an  explosion  of  powder 
was  anything  so  great  as  that,  but  he  had  no  reason  to  doubt 
the  accuracy  of  the  figures  he  had  quoted.  He  thought  the 
only  construction  they  could  put  upon  the  thin  attendance 
of  members  was  that  there  was  nothing  to  discuss  on 
the  medical  report.  They  all  admired  the  fairness  with 
which  it  had  been  framed,  and  it  seemed  to  him  the 
conclusions  at  the  end  of  it  were  so  perfectly  clear  and 
distinct  as  to  the  safety  of  roburite,  where  anything  like 
precaution  was  taken,  that  people  thought  it  unnecessary  to 
discuss  the  question  further.  If  one  read  the  general  con- 
clusion at  the  foot  of  the  report,  in  which  the  experts 
say,  "Our  general  conclusion  is  that  although  roburite 
itself  is  a  strong  poison,  and,  undoubtedly,  cases  of 
poisoning  have  arisen  from  it,  yet  if  stringent  care 
is  exercised  ....  the  use  of  roburite  will  not  add  to 
the  harmful  conditions  imder  which  the  miner  works," 
they  would  have  the  sum  and  substance  of  the  report. 
He  took  it  that  in  all  collieries  that  precaution  was 
taken,  and  consequently  he  thought  they  might  say  thak 
they  had  in  roburite  a  safe  explosive,  if  they  used  the 
precautions  named  by  the  Roburite  Company.  He  for  one 
had  not  the  least  hesitation  in  continuing  the  use  of  roburite 
and  in  feeling  fully  satisfied  that  it  was  an  absolutely 
safe  explosive,   and   th&t   with   anything    like   reasonable 
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care  there  was  no  danger  to  the  health  of  the  shot- 
lighters  or  the  men.  He  thought  if  the  terms  of 
reference  with  regard  to  the  inquiry  at  Park  Lane  had 
been  wider,  so  as  to  allow  Dr.  Hannah  and  the  other 
experts  to  make  experiments  on  the  result  of  gunpowder 
and  other  explosives,  as  well  as  roburite,  it  would  perhaps 
have  been  preferable,  as  now  they  had  no  information  with 
regard  to  the  former.  He  thought  the  men  need  not 
be  alarmed  at  any  reports  that  had  been  circulated  about 
roburite.  It  seemed  to  him  that  their  interests  were  perfectly 
protected  by  the  Mines  Regulation  Act,  a  section  of  which 
stated  clearly  that  if  anything  was  done  at  a  colliery  which 
tended  to  the  bodily  injury  of  any  person  employed,  the 
inspector  of  the  district  had  full  power  to  have  it  altered.  If 
the  employer  did  not  stop  it  the  inspector  could  compel  arbi- 
tration and  the  result  would  be  that  if  anything  was  found 
which  was  wrong  or  might  be  harmful,  it  would  be  stopped. 
He  thought  that  with  the  powers  given  to  the  inspectors  of 
mines  the  men  might  feel  assured  that  nothing  could  be  done 
that  would  prejudice  their  health  or  interests.  He  fully 
expected  that  before  many  months  were  over  they  would 
feel  surprised  that  so  much  had  been  said — or  that  anything 
had  been  said  adverse  to  the  use  of  roburite.  He  felt  sure 
that  in  six  months  time  they  would  be  very  much  at  one  on 
that  question,  and  instead  of  hearing  of  roburite  being  used 
by  a  certain  proportion  of  the  collieries  in  the  country  it 
would  become  very  much  more  generally  used  and  that  the 
men  would  agree  with  his  opinion  as  to  its  being  thoroughly 
safe  and  harmless. 

The  Chairman  thought  that  though  they  were  there  only 
to  discuss  the  effects  of  roburite  fumes,  yet  they  might 
widen  the  inquiry  to  include  the  point  to  which  Mr.  Saint 
had  referred.  They  had  pretty  well  threshed  out  the  ques- 
tion of  fumes — that  point  had  been  settled,  but  it  was  a  much 
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more  important  question  which  Mr.  Saint  had  raised  as  to 
whether  there  was  flame  in  blown-out  shots.  If  there  was 
anything  in  what  Mr.  Saint  had  said,  he  thought  the  inquiry 
was  only  beginning  and  not  ending.  They  might  ask 
Mr.  Bigg- Wither  if  he  had  any  information  as  to  what  the 
eflect  would  be  when  shots  were  blown  out. 

Mr.  Bigg-Wither,  General  Manager  Roburite  Explosives 
Company,  Limited,  said  the  only  points  he  could  refer  to 
were  the  experiments  with  blowrn-out  shots  at  the  Wigan 
Coal  and  Iron  Co.'s  works.  The  Roburite  Company  had 
intended  to  make  the  experiments,  but  when  they 
heard  they  were  going  to  be  made  by  practical  persons 
far  better  able  to  judge  impartially,  they  decided  to 
leave  the  matter  entirely  to  private  hands.  The  results  of 
those  experiments  were  to  him  entirely  satisfactory  and 
proved  everything  he  knew  of  roburite.  In  no  instance 
where  a  blown-out  shot  was  so  made  by  charging  a 
cannon  with  Roburite  and  with  only  a  small  quantity 
of  tamping,  was  the  inflammable  mixture  ignited — 
the  only  instance  in  which  it  was  ignited  was  when 
there  was  no  tamping  at  all.  Mr.  Bigg- Wither  then 
read  the  instructions  issued  by  the  company  for  using 
the  roburite,  and,  proceeding,  he  said  that  out  of  the 
twenty-one  experiments  at  the  Wigan  Coal  and  Iron  Co.'s 
works,  seven  shots  of  roburite  were  fired  into  the  gas  and 
not  a  single  one  ignited  it.  He  imderstood  that  the  tamping 
of  an  explosive  with  coal  dust,  especially  dry  coal  dust, 
rendered  it  more  liable  to  cause  flame  than  anything  else, 
but  the  result  of  the  explosions  under  these  conditions 
even  gave  equally  satisfactory  results.  As  far  as  the 
company  were  concerned  they  stood  by  those  experiments. 
He  then  stated  the  quantity  of  roburite  the  Wigan  Coal 
and  Iron  Company,  Messrs.  Evans  and  Company,  Messrs. 
Cross  Tetley  and  Company,  the  Garswood  Coal  and  Iron 
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Company,  and  other  firms  had  used,  and  said  that  the 
explosive  was  used  not  only  in  this  district  and  others, 
but  in  Durham,  where  the  mines  were  very  fiery,  and  he 
had  not  had  a  single  complaint  from  that  county.  Some 
experiments  were  carried  out  in  Durham  two  years  ago 
which  satisfied  those  present,  and  since  then  the  parties 
who  conducted  the  experiments  had  been  using  the  explosive 
in  the  mines  under  their  charge.  He  believed  that  every- 
thing claimed  for  roburite  had  been  fully  maintained,  but 
there  were  drawbacks  (there  were  mis-shots)  with  every 
explosive.  He  believed  that  powder  when  brought  in  con- 
tact with  coal  dust  produced  carbonic  oxide  to  a  larger 
extent  than  Roburite  under  the  same  conditions.  The 
medical  report  on  the  combustion  of  roburite  proved  that 
roburite  when  exploded  by  itself  gave  off  no  carbonic  oxide. 
The  fumes  and  poisonous  nature  of  the  article  during  manu- 
facture had  been  mixed  up  with  the  fumes  of  combustion, 
and  those  two  points  were  very  different. 

Mr.  Mercier  said  what  little  roburite  he  had  used  had 
blown  coal  very  much  better  than  gunpowder,  and  no  light 
had  been  seen. 

Mr.  Grundy  thought  there  were  many  parts  of  the  medical 
report  to  which  attention  might  well  be  called,  both  as  to 
the  roburite  itself,  and  the  fumes.  He  was  much  pleased 
to  see  the  tone  now  adopted  with  respect  to  roburite,  namely, 
of  using  it  very  carefully,  if  not  a  little  suspiciously.  They 
ought  to  be  careful  that  it  was  cautiously  handled  and  not 
brought  into  contact  with  the  skin,  and  that  the  men  should 
not  go  into  the  fumes.  It  would  be  very  wrong  if  men  got 
the  idea  either  that  the  substance  itself  or  the  fumes  were 
harmless.  He  might  mention  one  or  two  cases  that  came 
under  his  notice  the  other  day  with  respect  to  handling  the 
explosive.   A  statement  was  made  in  the  report  of  the  experts 
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that  the  men  need  not  handle  the  explosive.  The  other  day 
a  shot  firer  took  a  cartridge  to  put  in  a  detonator  and  he 
found  a  lot  of  roburite  between  the  folds,  part  of  which  came 
upon  his  hand.  Again,  a  stick  used  to  make  the  hole  in  the 
roburite  for  the  detonator  was  for  over  four  inches  covered 
with  wet  roburite,  and  for  four  inches  with  dry  roburite ; 
there  were  eight  inches  of  stick  quite  ready  to  convey  roburite 
to  the  hand.  Another  way  in  which  roburite  got  on  the 
hand  was  when  one  of  the  two  or  three  cartridges  put  in  a 
shot-hole  missed  fire,  and  to  get  the  unexploded  roburite  out 
of  the  hole  it  was  felt  necessary  to  handle  it.  The  men 
assured  him  they  felt  very  little  from  the  efiects  of  roburite, 
but  they  felt  it  most  when  inserting  the  detonators,  when 
they  had  pains  in  the  head  and  each  side  of  the  temple. 
One  or  two  of  the  men  said  although  they  did  not  feel  bad, 
they  noticed  they  had  gone  very  much  paler  in  the  face. 

The  Chairman  :  Were  they  colliers  or  regular  shot- 
lighters  ? 

Mr.  Grundy  :  They  were  tunnellers. 

The  Chairman  :  Then  it  was  the  chargemen  who 
complained  P 

Mr.  Grundy  said,  in  the  report  of  the  experts  it  was 
stated  that  the  smell  of  roburite  was  the  smell  of  nitro- 
benzine,  and  that  the  toxic  properties  of  these  compounds 
increase  with  the  number  of  nitro  groups  attached  to  the 
benzine.  It  had,  perhaps,  been  noticed  that  one  of 
the  substances  from  which  roburite  is  made  was  di-nitro- 
benzine.  The  creamy  substance  noticed  in  the  fumes  might 
turn  out  to  be  of  more  importance  than  at  first  sight 
appeared.  Perhaps  the  effects  on  the  men  might  be 
due  to  those  unknown  substances.  If  a  roburite  shot 
was  charged  with  an  insufficient  quantity  of  roburite 
to  blow  the  coal  or  rock  down,  very  likely  fine  particles 
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might  linger  behind  the  coal  or  stone,  and  when  the  collier 
went  to  get  it  down  they  were  there  to  face  him.  He  made 
those  remarks,  not  that  he  was  anxious  to  say  anything 
against  roburite,  but  rather  to  get  people  to  use  it  carefully. 
Let  them  be  careful  that  the  men  did  not  handle  it  any  more 
than  was  absolutely  necessary,  and  that  when  a  shot  was 
fired,  the  place  was  cleared  of  fumes  before  the  men  were 
allowed  to  enter. 

The  Chairman  said  it  seemed  to  him  some  of  them  were 
losing  sight  of  the  great  fact  that  if  they  could  get  an 
explosive  which  would  not  give  off  flame,  the  amount  of  life 
saved  would  be  very  much  greater  and  out  of  all  proportion 
to  any  ill  effects  that  could  arise  from  any  mis-manufacture 
of  the  explosive  that  it  caused  fumes  that  might  be  harmful 
to  some  extent.  Those  were  all  very  small  matters.  If 
roburite  served  the  purpose  of  an  explosive  that  did  not  give 
off  flame,  they  should  not  pick  and  quarrel  at  little  things 
about  it.  What  they  wanted  to  satisfy  themselves  about  it 
was  whether  it  did  or  did  not  give  off  flame.  If  it  did  not 
then  they  would  all  accept  it  gladly,  both  miners,  owners, 
and  everybody  connected  with  the  coal  trade. 

Mr.  Grundy  said  his  remarks  were  intended  to  show  that 
everyone  using  it  was  in  duty  bound  to  find  out  what  the 
qualities  of  roburite  were,  both  with  respect  to  flame  and  to 
poison  entering  the  substance. 

The  Chairman  :  Is  it  the  wish  of  the  meeting  that  this 
discussion  should  be  adjourned  or  closed  P  My  own  opinion 
is  that  something  more  might  be  said,  and  it  would  be  well 
to  adjourn  it.  I  think  it  is  the  most  important  matter  that 
has  been  before  the  coal  trade  for  a  long  time. 

Mr.  Chandley  asked  if  the  miners'  conference  had  some 
special  information  about  roburite  which  had  led  them  to 
take  the  step  they  had. 
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more  important  question  which  Mr.  Saint  had  raised  as  to 
whether  there  was  flame  in  blown-out  shots.  If  there  was 
anything  in  what  Mr.  Saint  had  said,  he  thought  the  inquiry 
was  only  beginning  and  not  ending.  They  might  ask 
Mr.  Bigg- Wither  if  he  had  any  information  as  to  what  the 
eflFect  would  be  when  shots  were  blown  out. 

Mr.  Bigg- Wither,  General  Manager  Boburite  Explosives 
Company,  Limited,  said  the  only  points  he  could  refer  to 
were  the  experiments  with  bloi^n-out  shots  at  the  Wigan 
Coal  and  Iron  Co.'s  works.  The  Roburite  Company  had 
intended  to  make  the  experiments,  but  when  they 
heard  they  were  going  to  be  made  by  practical  persons 
far  better  able  to  judge  impartially,  they  decided  to 
leave  the  matter  entirely  to  private  hands.  The  results  of 
those  experiments  were  to  him  entirely  satisfactory  and 
proved  everything  he  knew  of  roburite.  In  no  instance 
where  a  blown-out  shot  was  so  made  by  charging  a 
cannon  with  Roburite  and  with  only  a  small  quantity 
of  tamping,  was  the  inflammable  mixture  ignited — 
the  only  instance  in  which  it  was  ignited  was  when 
there  was  no  tamping  at  all.  Mr.  Bigg- Wither  then 
read  the  instructions  issued  by  the  company  for  using 
the  roburite,  and,  proceeding,  he  said  that  out  of  the 
twenty-one  experiments  at  the  Wigan  Coal  and  Iron  Co.'s 
works,  seven  shots  of  roburite  were  fired  into  the  gas  and 
not  a  single  one  ignited  it.  He  understood  that  the  tamping 
of  an  explosive  with  coal  dust,  especially  dry  coal  dust, 
rendered  it  more  liable  to  cause  flame  than  anything  else, 
but  the  result  of  the  explosions  under  these  conditions 
even  gave  equally  satisfactory  results.  As  far  as  the 
company  were  concerned  they  stood  by  those  experiments. 
He  then  stated  the  quantity  of  roburite  the  Wigan  Coal 
and  Iron  Company,  Messrs.  Evans  and  Company,  Messrs. 
Cross  Tetley  and  Company,  the  Garswood  Coal  and  Iron 
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Company,  and  other  firms  had  used,  and  said  that  the 
explosive  was  used  not  only  in  this  district  and  others, 
but  in  Durham,  where  the  mines  were  very  fiery,  and  he 
had  not  had  a  single  complaint  from  that  county.  Some 
experiments  were  carried  out  in  Durham  two  years  ago 
which  satisfied  those  present,  and  since  then  the  parties 
who  conducted  the  experiments  had  been  using  the  explosive 
in  the  mines  under  their  charge.  He  believed  that  every- 
thing claimed  for  roburite  had  been  fully  maintained,  but 
there  were  drawbacks  (there  were  mis-shots)  with  every 
explosive.  He  believed  that  powder  when  brought  in  con- 
tact with  coal  dust  produced  carbonic  oxide  to  a  larger 
extent  than  Roburite  under  the  same  conditions.  The 
medical  report  on  the  combustion  of  roburite  proved  that 
roburite  when  exploded  by  itself  gave  off  no  carbonic  oxide. 
The  fumes  and  poisonous  nature  of  the  article  during  manu- 
facture had  been  mixed  up  with  the  fumes  of  combustion, 
and  those  two  points  were  very  different. 

Mr.  Mercier  said  what  little  roburite  he  had  used  had 
blown  coal  very  much  better  than  gunpowder,  and  no  light 
had  been  seen. 

Mr.  Grundy  thought  there  were  many  parts  of  the  medical 
report  to  which  attention  might  well  be  called,  both  as  to 
the  roburite  itself,  and  the  fumes.  He  was  much  pleased 
to  see  the  tone  now  adopted  with  respect  to  roburite,  namely, 
of  using  it  very  carefully,  if  not  a  little  suspiciously.  They 
ought  to  be  careful  that  it  was  cautiously  handled  and  not 
brought  into  contact  with  the  skin,  and  that  the  men  should 
not  go  into  the  fumes.  It  would  be  very  wrong  if  men  got 
the  idea  either  that  the  substance  itself  or  the  fumes  were 
harmless.  He  might  mention  one  or  two  cases  that  came 
under  his  notice  the  other  day  with  respect  to  handling  the 
explosive.   A  statement  was  made  in  the  report  of  the  experts 
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that  the  men  need  not  handle  the  explosive.  The  other  day 
a  shot  firer  took  a  cartridge  to  put  in  a  detonator  and  he 
found  a  lot  of  roburite  between  the  folds,  part  of  which  came 
upon  his  hand.  Again,  a  stick  used  to  make  the  hole  in  the 
roburite  for  the  detonator  was  for  over  four  inches  covered 
with  wet  roburite,  and  for  four  inches  with  dry  roburite ; 
there  were  eight  inches  of  stick  quite  ready  to  convey  roburite 
to  the  hand.  Another  way  in  which  roburite  got  on  the 
hand  was  when  one  of  the  two  or  three  cartridges  put  in  a 
shot-hole  missed  fire,  and  to  get  the  unexploded  roburite  out 
of  the  hole  it  was  felt  necessary  to  handle  it.  The  men 
assured  him  they  felt  very  little  from  the  effects  of  roburite, 
but  they  felt  it  most  when  inserting  the  detonators,  when 
they  had  pains  in  the  head  and  each  side  of  the  temple. 
One  or  two  of  the  men  said  although  they  did  not  feel  bad, 
they  noticed  they  had  gone  very  much  paler  in  the  face. 

The  Chairman  :  Were  they  colliers  or  regular  shot- 
lighters  ? 

Mr.  Grundy  :  They  were  tunnellers. 

The  Chairman:  Then  it  was  the  chargemen  who 
complained  P 

Mr.  Grundy  said,  in  the  report  of  the  experts  it  was 
stated  that  the  smell  of  roburite  was  the  smell  of  nitro- 
benzine,  and  that  the  toxic  properties  of  these  compounds 
increase  with  the  number  of  nitro  groups  attached  to  the 
benzine.  It  had,  perhaps,  been  noticed  that  one  of 
the  substances  from  which  roburite  is  made  was  di-nitro- 
benzine.  The  creamy  substance  noticed  in  the  fumes  might 
turn  out  to  be  of  more  importance  than  at  first  sight 
appeared.  Perhaps  the  effects  on  the  men  might  be 
due  to  those  unknown  substances.  If  a  roburite  shot 
was  charged  with  an  insufficient  quantity  of  roburite 
to  blow  the  coal  or  rock  down,  very  likely  fine  particles 
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might  linger  behind  the  coal  or  stone,  and  when  the  collier 
went  to  get  it  down  they  were  there  to  face  him.  He  made 
those  remarks,  not  that  he  was  anxious  to  say  anything 
against  roburite,  but  rather  to  get  people  to  use  it  carefully. 
Let  them  be  careful  that  the  men  did  not  handle  it  any  more 
than  was  absolutely  necessary,  and  that  when  a  shot  was 
fired,  the  place  was  cleared  of  fumes  before  the  men  were 
allowed  to  enter. 

The  Chairman  said  it  seemed  to  him  some  of  them  were 
losing  sight  of  the  great  fact  that  if  they  could  get  an 
explosive  which  would  not  give  off  flame,  the  amount  of  life 
saved  would  be  very  much  greater  and  out  of  all  proportion 
to  any  ill  effects  that  could  arise  from  any  mis-manufacture 
of  the  explosive  that  it  caused  fumes  that  might  be  harmful 
to  some  extent.  Those  were  all  very  small  matters.  If 
roburite  served  the  purpose  of  an  explosive  that  did  not  give 
off  flame,  they  should  not  pick  and  quarrel  at  little  things 
about  it.  What  they  wanted  to  satisfy  themselves  about  it 
was  whether  it  did  or  did  not  give  off  flame.  If  it  did  not 
then  they  would  all  accept  it  gladly,  both  miners,  owners, 
and  everybody  connected  with  the  coal  trade. 

Mr.  Grundy  said  his  remarks  were  intended  to  show  that 
everyone  using  it  was  in  duty  bound  to  find  out  what  the 
qualities  of  roburite  were,  both  with  respect  to  flame  and  to 
poison  entering  the  substance. 

The  Chairman  :  Is  it  the  wish  of  the  meeting  that  this 
discussion  should  be  adjourned  or  closed  P  My  own  opinion 
is  that  something  more  might  be  said,  and  it  would  be  well 
to  adjourn  it.  I  think  it  is  the  most  important  matter  that 
has  been  before  the  coal  trade  for  a  long  time. 

Mr.  Chandley  asked  if  the  miners'  conference  had  some 
special  information  about  roburite  which  had  led  them  to 
take  the  step  they  had. 
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The  question  was  not  answered. 

Mr.  Clark  thought  they  had  better  close  the  discussion, 
and  if  there  was  any  further  light  to  throw  upon  the  use  of 
roburite  it  could  be  brought  before  some  other  meeting. 
Some  of  them  would  take  the  opportunity  of  comparing 
blown-out  shots,  and  see  whether  any  flame  issued  from  them 
or  not. 

Mr.  Saint  :  I  think  it  is  a  question  which  might  be  easily 
demonstrated. 

On  the  motion  of  Mr.  Clark,  seconded  by  Mr.  Saimt,  the 
discussion  closed. 

Mr.  CocKSON,  in  proposing  a  vote  of  thanks  to  Mr.  Hall 
for  presiding,  said  if  the  members  of  the  Society  would  like 
the  safety  of  roburite  demonstrated,  he  was  sure  the  Roburite 
Company,  when  they  had  erected  their  testing  house^  would 
be  happy  to  arrange  a  series  of  experiments  with  gas  or  coal 
dust  to  be  carried  out  by  a  Committee  of  the  Society. 

Mr.  Clark,  in  seconding  the  motion,  thought  it  would  be 
very  much  better  if  people  who  took  an  interest  in  the 
matter  would  have  experiments  made  by  themselves  in  the 
mine.    He  should  take  that  course  and  report  to  the  Society. 

The  motion  was  passed  and  the  meeting  terminated. 


32^ 


APPENDIX. 


REPORT  OF  THE  COMMITTEE  APPOINTED  TO  ENQUIRE 
INTO  THE  EFFECTS  OF  ROBURITE  FUMES  ON  THE 
HEALTH  OF  THE  WORKMEN. 


fPubliihed  in  the  ♦♦  tFigan  Observer,''  May  25th,  1889,J 


Appointment  of  the  Committee  and  Reference. 

At  a  Conference  held  on  January  22nd,  1889,  at  the 
offices  of  the  Park  Lane  Colliery,  between  the  representa- 
tives of  the  Garswood  Coal  and  Iron  Company,  and  a 
deputation  of  the  Lancashire  Miners'  Federation,  it  was 
agreed  that  two  medical  practitioners  should  be  appointed, 
one  by  each  party,  and  that  these  two  medical  men  should 
appoint  a  chemist  to  act  with  them  in  an  investigation  into 
the  effects  of  the  explosive,  Roburite,  on  the  health  of  the 
workmen  in  the  Park  Lane  Colliery.  In  accordance  with 
this  agreement.  Dr.  N.  Hannah,  of  Ashton-in-Makerfield, 
was  appointed  by  the  Company,  and  Dr.  C.  J.  Mouncey,  of 
Earlstown,  was  appointed  by  the  Miners'  Federation. 
Messrs.  Hannah  and  Mouncey  agreed  to  ask  Mr.  H.  B. 
Dixon,  F.R.8.,  Professor  of  Chemistry  in  the  Owens  College, 
to  act  ^vith  them  as  scientific  assessor  in  the  inquiry. 

Scope  of  the  Inquiry. 

We,  the  Committee  of  Inquiry  so  formed,  accordingly 
proceeded  to  investigate  the  chemical  nature  of  the  explosive, 
and  the  method  of  its  manufacture  into  cartridges,  and  we 
specially  tested  the  products  of  explosion  of  Roburite,  both 
under  the  ordinary  conditions  of  working  in  coal  mines,  and 
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also  under  special  conditions,  viz.,  in  mines  without  ventila- 
tion, and  in  closed  vessels. 

Every  facility  for  observing  the  process  of  manufacture, 
and  for  testing  the  ingredients  of  the  explosive,  was  shown 
us  by  the  Roburite  Company  at  their  Gktthurst  works.  The 
Committee  made  frequent  visits  to  one  or  other  of  the  pits 
at  the  Park  Lane  Colliery.  We  had  many  opportunities  of 
closely  watching  the  manipulation  of  the  cartridges,  and  we 
were  able  to  test  the  atmosphere  immediately  after  shots  had 
been  fired,  both  in  the  return  air- ways  and  at  the  working 
faces,  when  the  ventilation  had  been  entirely  out  off. 

The  Committee  have  also  examined  shot  firers  and  work- 
men who  have  either  handled  the  cartridges,  or  been  exposed 
to  the  fumes  of  the  explosive. 

In  forming  our  conclusions,  we  have  been  guided  not  only 
by  the  experiments  made  at  the  Park  Lane  Colliery,  but 
also  by  observations  we  have  made  at  other  collieries  where 
Roburite  is  used. 

Nature  of  Roburite,  and  its  Manufacture  into 

Cartridges. 

The  explosive  Roburite  is  an  intimate  mixture  of — 

1 .  Di-nitro-benzine. 

2.  Chloro-nitro-benzine. 

3.  Ammonium  nitrate. 

The  di-nitro-benzine  is  purchased  by  the  Roburite 
Company  in  crystals.  These  crystals  (meta-di-nitro-benzine) 
contain  a  little  nitro-benzine,  from  which  liquid  they  are 
crystallized. 

The  chloro-nitro-benzine  is  manufactured  by  the  Company 
by  the  long-continued  action  of  chlorine  on  nitro-benzine 
in  presence  of  perchloride  of  antimony.     The  chloro-nitro- 
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benzine  is  then  melted  with  di-nitro-benzine  in  suitable 
proportions^  while  a  current  of  chlorine  is  driven  through 
the  liquid  mass. 

Finally,  the  nitrated  and  chlorinated  mixture  is  melted 
and  run  into  well  ground  and  warmed  ammonium  nitrate, 
and  the  whole  is  intimately  mixed  together  and  allowed  to 
cool.  The  mixture  thus  prepared  is  a  buff  coloured  powder, 
giving  oflf  the  smell  of  nitro-benzine.  The  cartridges  aro 
made  by  packing  the  powdered  mixture  into  cylindrical 
paper  cases,  folding  the  paper  over  the  ends  and  dipping 
the  closed  cartridges  into  melted  wax  to  keep  them  air- 
tight. 

To  fire  the  cartridges,  one  end  is  opened  by  unfolding  the 
paper,  the  powder  is  loosened,  and  a  detonator  is  inserted 
into  it ;  the  paper  is  then  tied  round  the  fuse  or  wires  from 
the  detonator.  A  powerful  detonator  holding  about  one 
gramme  of  fulminate  is  required  to  fire  the  mixture.  It  is 
the  object  of  the  Roburite  Company  to  prepare  an  explosive 
which  shall,  while  bringing  down  the  coal  in  suitable  limips, 
give  out  no  flame  which  might  ignite  coal  dust  or  inflam- 
able  gas  in  the  mine.  When  a  roburite  cartridge  is  fired 
in  the  open,  or  when  loosely  covered  over,  a  flash  is  seen, 
but  when  the  cartridge  is  firmly  packed  round  before  firing, 
no  flame  or  flash  is  visible. 

The  poisonous  nature  of  the  nitro  derivatives  of  benzine 
is  well  known.  The  toxic  propert-ies  of  these  compounds 
increase  with  the  number  of  nitro  groups  attached  to  the 
benzine.  But  as  the  singly  nitrated  nitro-benzine  is  more 
volatile  than  the  more  highly  nitrated  compounds,  the  danger 
attending  the  use  of  these  bodies  depends  a  great  deal  on  the 
mode  of  manipulation  adopted. 

The  poison  can  be  inhaled  in  the  form  of  vapour  or  fine 
particles,  or  may  be  absorbed  by  contact  with  the  skin. 
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In  examining  into  the  effects  of  roburite  on  the  health  of 
the  workmen,  we  had  to  consider  : — 

1.  Is  the  manipulation  of  the  cartridges  previous  to  firing 
sujch  as  to  expose  the  workmen  to  the  action  of  the  poisonous 
ingredients  of  Roburite  ? 

2.  Is  any  portion  of  the  explosive  incompletely  burnt, 
giving  rise  to  fumes  of  nitro-benzine  derivatives  in  the 
mine? 

3.  Is  any  deleterious  gas,  such  as  nitric-oxide  or  carbonic- 
oxide  formed  in  the  explosion  P    And  lastly, 

4.  Are  the  symptoms  complained  of  by  the  men  such  as 
would  be  accounted  for  by  one  or  more  of  the  above  causes  ? 

Manipulation  of  the  Cartridges. 

1.  The  cartridges,  as  we  have  described,  are  soaked  in 
wax,  and  are  thus  made  air-tight.  No  smeU  of  nitro- 
benzine  can  be  detected  until  the  cases  are  opened. 

At  the  Park  Lane  Colliery  the  cartridges  are  always  fixed 
and  fired  by  special  shot-firers,  whose  duty  it  is  to  go  round 
to  the  working  faces  in  turn.  The  shot-firer  opens  one  end 
of  the  cartridge,  loosens  the  roburite  by  rolling  the  case 
between  his  fingers,  and,  after  inserting  the  detonator,  ties 
up  the  case  with  string,  or  folds  the  paper  back  over  the 
detonator.  He  then  pushes  the  cartridge  to  the  bottom  of 
the  drill-hole,  which  he  fills  in  loosely  for  a  few  inches 
above  the  cartridge,  and  tightly  rams  the  remainder  with 
'*  warrant  *'  or  clay.  The  shot  is  then  fired  by  the  fuse  or 
the  electric  current,  and  the  shot-firer  immediately  returns 
to  the  face  to  observe  the  effects  of  the  shot.  We  have 
seen  the  operation  of  attaching  the  detonator  to  the  car- 
tridge performed  many  times  in  the  Park  Lane  pits,  and  we 
can  confidently  say  that  there  is  no  difficulty  in  conducting 
the  operation,  and  that  with  care  the  roburite  need  neither 
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be  spilt  nor  come  into  contact  with  the  hands  of  the 
operator.  But  while  we  have  seen  that  at  the  Park  Lane 
Colliery  due  care  is  taken  in  handling  the  cartridges,  we 
know,  from  our  own  observations,  that  in  some  other  mines 
proper  precautions  are  not  observed..  We  refer  to  instances 
in  which  the  roburite  has  been  actually  fingered  by  the 
miners,  and  to  instances  in  which  the  roburite  has  been 
spilt  in  the  mine  in  the  vicinity  of  a  working  place. 

Opinion, 

We  are  inclined  to  attribute  the  cases  of  undoubted  nitro- 
benzine  poisoning  which  have  been  brought  to  our  notice 
to  such  improper  manipulation  of  the  cartridges. 

Incomplete  Combustion  of  Roburite. 

2.  The  gaseous  products  of  the  explosion  mixed  with  a 
cloud  of  finely  divided  particles,  form  the  "  fumes,"  which 
are  readily  recognised  by  their  smell.  These  fumes  difPuse 
into  the  air  and  pass  away  from  the  coal  face  with  the 
ventilating  current.  Where  the  ventilation  is  good  and  the 
current  of  air  is  brought  near  to  the  face  the  fumes  disappear 
in  a  few  minutes.  When,  however,  the  coal  is  not  brought 
down  by  the  explosion,  but  deep  fissures  are  made  in  the 
seam,  the  fumes  linger  in  the  cracks  until  the  miner  brings 
down  the  coal  with  his  pick.  To  examine  the  fumes  at  the 
working  faces  it  was  necessary  to  stop  the  ventilation.  The 
current  of  air  being  short  circuited,  the  fumes  could  only 
escape  by  a  slow  process  of  diffusion  from  the  heading. 
Sitting  in  the  trapped  fumes  arising  from  the  explosion  of 
two  cartridges,  we  drew  the  atmosphere  through  filters  of 
spun  glass  to  collect  the  floating  particles  of  cloud.  In 
most  of  our  experiments  two  four-ounce  cartridges  were 
fired,  and  ten  cubic  feet  of  air  were  drawn  through  the 
filter.  On  examining  the  filter  there  was  found  a  deposit^ 
which  consisted  mainly  of  finely  divided  coal,  but  contained 
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also  a  small  quantity  of  another  substance.  This  substanoe 
could  be  separated  from  the  coal  by  solution  in  pure  ether. 
On  evaporating  off  the  ether  the  substance  was  obtained  in 
the  form  of  a  yellow  fatty  solid.  This  substance  was 
examined  carefully  for  nitro-benzine  and  di-nitro  benzine ; 
but  although  the  chemical  tests  for  these  bodies  is  delicate 
and  easy  of  application,  no  trace  of  them  coidd  be  discovered. 
With  the  object  of  obtaining  more  of  this  solid,  many 
experiments  were  made  in  a  closed  vessel  under  conditions 
which  fairly  reproduced  those  of  the  coal  mine.  The 
cartridges  were  packed  with  coal  dust  in  leaden  tubes,  and 
fired  in  the  middle  of  an  iron  boiler  about  30ft.  long  and 
5ft.  Gin.  in  diameter.  After  several  cartridges  had  been 
fired  in  succession,  the  air  from  the  boiler  was  pumped 
through  the  spun  glass  filter,  or  through  a  solvent.  A 
yellow  deposit  was  obtained  similar  to  that  filtered 
from  the  fumes  of  the  mine.  The  substance  was  not 
obtained  in  sufficient  quantity  to  enable  a  quantitative 
analysis  to  be  made  of  it,  but  qualitative  tests  showed 
that  it  contained  no  nitrogen,  and  that  it  was  of  a 
fatty  nature.  Whether  this  substance  comes  from  the  coal 
dust  alone,  which  we  found  yielded  a  brown  extract  with 
ether,  or  whether  it  is  a  mixture  of  substances  coming 
partly  from  the  coal  dust,  and  partly  from  the  wax  and 
paper  of  the  cartridges,  we  have  not  yet  determined.  We 
were  satisfied  in  proving  that  the  fumes  contained  no  par- 
ticles of  unburnt  nitro-benzine  compounds.  To  these  state- 
ments one  important  exception  must  be  made.  On  April 
2nd,  the  filter  was  placed  in  the  return  airway  in  the  7  feet 
Ince  mine,  and  the  air  was  sent  through  it  for  an  hour, 
during  which  the  fumes  from  four  shots  passed  by  with  the 
ventilating  current.  The  smell  of  the  nitro-benzine  was 
detected  in  the  fumes  from  one  of  the  shots,  and  the 
chemical  exami  nation  of  the  filter  showed  that  a  trace  of 
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nitro-benzine  had  been  caught.  This  instance  of  incomplete 
oombnstion,  although  at  variance  with  all  our  other  experi- 
ments, occurred  in  the  ordinary  working  of  the  mine,  and 
therefore  cannot  be  attributable  to  exceptional  circumstances. 

Now,  when  the  cartridges  were  fixed  in  the  boiler  without 
being  confined,  we  found  that  incomplete  combustion  always 
resulted.  Some  of  the  explosive  was  thrown  about  the 
boiler,  and  fine  particles  remained  floating  in  suspension  in 
the  air.  The  small  nitro-benzine  was  instantly  recognised, 
and  the  filter  separated  a  deposit  which  gave  the  character- 
istic tests  of  that  body.  It  follows  from  these  experiments 
that  the  proper  tamping  of  the  cartridge,  and  the  right 
adjustment  of  the  quantity  of  the  explosive  to  the  work  it 
has  to  do,  are  matters  of  great  importance  in  the  mine,  for 
it  is  evident  that  if  the  explosive  is  not  sufiSciently  confined, 
part  of  it  may  be  scattered  in  the  explosion  without  being 
bnmt.  We  wish  to  lay  stress  on  this  point,  for  we  have 
noticed  considerable  differences  in  the  amount  of  tamping 
used  by  different  shot-firers. 

In  the  Park  Lane  Colliery  the  shot-firers  are  the  only 
men  who  handle  the  cartridges,  and  they  are  the  first  to 
enter  the  fumes  after  the  explosion.  It  was  natural, 
therefore,  to  look  among  the  shot-firers  for  symptoms  of 
nitro-benzine  poisoning.  We  accordingly  selected  for 
examination  one  of  the  shot-firers,  who  had  been  firing 
from  30  to  35  shots  a  week  for  the  last  six  or  eight  months, 
but  we  could  detect  in  him  no  symptoms  of  nitro-benzine 
poisoning. 

Opinion. 

From  our  experiments  we  conclude  that  roburite,  when 
properly  confined,  undergoes  complete  combustion,  leaving 
no  trace  of  nitro-benzine  derivatives  unbumt,  but  that  there 
is  a  chance  of  incomplete  combustion  occurring  owing  to  the 
explosive  not  meeting  with  sufficient  resistance. 
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The  Gaseous  Products  of  Combustion. 

3.  From  the  composition  of  the  explosive,  it  seemed 
possible  that  two  deleterious  gases — ^nitric-oxide  and  car- 
bonic oxide — might  be  fomid  among  the  products  of  the 
explosion.  In  order  that  these  gases,  if  formed,  might  be 
detected  with  greater  certainty,  experiments  were  made  in 
the  boiler.  The  cartridges  were  packed  round  with  coal- 
dust  in  strong  leaden  tubes,  or  were  inserted  in  a  hole  in 
large  lumps  of  coal  and  tamped  with  clay.  After  the  explo- 
sion the  air  was  filtered  by  being  drawn  slowly  through 
spun  glass,  and  was  then  tested  with  a  solution  of  potassium, 
iodide,  and  starch.  No  iodine  was  liberated,  showing  the 
absence  of  nitric-peroxide  in  the  air.  Nitric-oxide,  if 
formed  in  the  explosion,  would  have  united  with  the  oxygen 
of  the  air  to  form  the  peroxide.  The  tests  consequently 
show  that  no  nitric-oxide  is  formed,  and  they  also  show  that 
no  free  chlorine  is  left  after  the  explosion. 

No  such  easy  and  delicate  test  for  traces  of  carbonic  oxide 
is  known.  We  had  recourse  to  the  colour  re-actions  of 
carbonic  oxide  with  palladium  chloride,  and  to  the  formation 
and  detection  of  carbonic  oxide  hoemoglobin  in  blood 
submitted  to  the  action  of  the  air.  When  a  piece  of  white 
blotting  paper  is  soaked  in  a  solution  of  palladium  chloride 
and  immersed  in  an  atmosphere  containing  carbonic  oxide 
the  yellow  colour  of  the  paper  reddens,  and  grows  dark  red, 
and  finally  black  when  sufficient  carbonic  oxide  is  present. 
In  an  atmosphere  containing  but  a  small  quantity  of 
carbonic  oxide  some  time  elapses  before  the  red  colour 
becomes  marked.  The  palladium  paper  was  roughly 
standardized  by  immersing  it  in  a  large  gas-holder  in  air 
containing  one-thousandth  part  its  volume  of  carbonic  oxide, 
and  observing  the  time  required  for  colouration  to  reach  a 
certain  red  tint.     After  18oz.  of  roburite  had  been  fired  in 
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the  boiler,  paper  freshly  soaked  in  the  palladium  chloride 
was  introduced.     After  half  an  hour  the  colour  was  dis- 
tinctly red.     This  test  cannot  be  described  as  a  quantitative 
one.     We  take  it  as  indicating  that  the  atmosphere  contained 
less  than  10  parts  but  more  than  one  part  of  carbonic  oxide 
in   10,000.     As  a  further  test  for   carbonic  oxide  in   the 
boiler,  the  air  was  filtered  through  spun  glass,  well  washed 
with  caustic    potash,   and   then   drawn   through   a   dilute 
solution  of  de-fibrinated  blood.     The  blood  was  afterwards 
examined  by  the  spectroscope  side  by  side  with  a  sample  of 
the  same  blood  equally  diluted,  but  free  from  carbonic  oxide. 
We  have  satisfied  ourselves  by  careful  examination  of  the 
blood  submitted  to  the  action  of  the  air  from  the  boiler  that 
roburite  fired  in  coal  dust  gives  off  a  recognisable  quantity 
of  carbonic  oxide.     The  same  test  with  blood  was  applied  in 
the  mine.     When  the  ventilation  was  stopped,  and  when 
two  or  three  cubic  feet  of  air  were  drawn  from  near  the 
working  face  and  pumped  through  the  blood,  carbonic  oxide 
hcBmoglobin  could  just  be  detected.     A  similar  test  made  in 
the  return  airway  under  the  ordinary  conditions  of  working 
gave  no  indication  of  carbonic  oxide.     The  gas  was  doubtless 
present,  but  too  diluted  with'air  to  'give  the  re-action  with 
blood.     We  could  obtain  no  colour  changes  with  palladium 
chloride  in  the  mine.     When  the  roburite  was  fired  in  the 
boiler  without  being  confined  in  coal,  we  could  detect  no 
carbonic  oxide  in  the  products  of  the  explosive.     It  appears 
from  this  that  the  carbonic  oxide  is  produced  by  the  action 
of  the  heated  gases  on  the  coal,  and  is  not  a  direct  product 
of  the  explosion  of  roburite. 

Opinian, 

We  think  it  probable  that  all  explosives  giving  off  car- 
bonic acid  would  produce  traces  of  carbonic  oxide,  due  to 
the  contact  of  a  heated  carbonic  acid  with  coal. 
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Symptoms  complained  of  by  the  Miners. 

4.  In  considering  the  symptoms  complained  of  by  the 
workmen,  we  have  divided  the  cases  into  two  groups.  In 
the  first  gp*oup  we  place  the  symptoms  of  those  men  who 
have  been  handling  and  firing  roburite  cartridges,  symptoms 
which  may  be  attributable  to  the  ingestion  on  inhalation  of 
roburite ;  in  the  second  group  we  place  the  symptoms  of 
those  who  have  not  handled  the  roburite,  but  have  been 
working  in  places  through  which  the  fumes  of  the  shots 
pass  with  the  current  of  air  going  to  the  up-cast. 

A.  Of  those  in  the  first-class  which  have  been  brought 
under  our  notice,  none  have  occurred  in  the  Park  Lane 
Colliery.  These  cases  may  be  divided  into  (1)  acute,  and  (2) 
those  who  are  more  chronic.  1.  In  the  acute  cases,  within 
a  short  time  after  the  poison  has  entered  the  system,  the 
patient  feels  pain  in  the  head  and  over  the  stomach.  On 
exertion  he  finds  he  has  a  difficulty  in  breathing,  or  may 
experience  a  feeling  of  faintness,  and  there  is  great  loss  of 
muscular  power.  The  headache,  pains  over  the  stomach,  and 
muscular  weakness  increase  until,  in  severe  cases,  the  patient 
is  almost  moribund.  The  colour  of  the  lips  and  finger  nails 
is  found  to  be  of  a  violet  blue,  and  the  urine  passed  is  very 
dark  coloured.  As  the  poison  is  gradually  eliminated  the 
patient  returns  to  health,  but  the  violet  blue  colour  remains 
for  a  longer  or  shorter  period,  according  to  the  amount  of 
poison  taken  up. 

II.  In  the  chronic  cases  the  headache  is  very  marked, 
there  is  a  great  drowsiness,  the  violet  blue  colour  is  more  or 
less  distinct,  intense  anaemia,  or  thinness  of  blood,  is  shown 
by  various  symptoms,  and  there  are  signs  of  great  nerve 
prostration.  The  recovery  is  slow.  These  symptoms  are 
well  known  as  characteristic  of  nitro-benzine  poisoning. 
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B.  The  cases  in  the  second-class  are  all  characterised  by 
head  symptoms,  the  commonest  being  headache,  usually 
frontal,  and  described  as  a  feeling  of  weight  or  of  a  tight 
hand  across  the  forehead,  occasionally  occipital  and  then 
generally  throbbing  in  character.  Sometimes  the  pains 
spread  to  the  shoulder,  and  the  constricting  feeling  across 
the  forehead  extends  all  round  the  cranium.  In  most  cases 
there  is  a  complaint  of  loss  of  muscular  power  in  the  upper 
limbs,  and  a  more  or  less  constant  feeling  of  drowsiness. 
Where  no  headache  is  spoken  of,  vertigo  or  giddiness  is 
often  experienced,  occasionally  followed  by  vomiting.  These 
symptoms  continue  as  long  as  the  patient  remains  in  the 
poisonous  atmosphere,  but  abate  with  varying  rapidity  on 
emerging  into  fresh  air.  Sometimes  the  symptoms  persist 
for  several  days,  but  usually  cease  in  a  few  hours,  or  after  a 
night's  rest.  These  symptoms  may  be  attributed  to  carbonic 
oxide  poisoning,  when  small  quantities  of  the  gas  diluted 
with  air  have  been  inhaled.  The  quantity  of  carbonic  oxide 
which  will  produce  symptoms  will  vary  both  with  the  indi- 
vidual and  with  the  state  of  health  of  the  individual.  If 
the  state  of  the  lungs  bo  that  of  robust  health,  more  car- 
bonic oxide  can  be  inhaled  with  impunity  than  if  the  lungs 
are  in  any  way  affected.  In  the  former  case  the  poison  is 
eliminated  from  the  blood  by  the  oxygen  inhaled,  in  the 
latter  the  carbonic  oxide  acciunulates. 


Opinion, 

We  are  of  opinion  that  the  carbonic  oxide  produced  by 
the  explosion  of  roburite  in  coal  may  be  the  cause  of  the 
headache  complained  of,  especially  in  those  men  who  are  in 
such  a  state  of  health  as  to  be  more  than  usually  susceptible 
to  the  effect  of  the  poison. 
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General  Conclusions  and  Recommendations. 

Our  general  conclusion  is  that  although  roburite  itself 
is  a  strong  poison,  and  undoubted  cases  of  poisoning  have 
arisen  from  the  use  of  it  in  coal  mines,  yet  if  stringent  care 
is  exercised  on  the  part  of  the  managers,  shot-firers,  and 
colliers,  the  use  of  roburite  will  not  add  to  the  harmful 
conditions  under  which  the  miner  works.  As  indicating 
the  directions  in  which  additional  precautions  are  in  our 
opinion  most  necessary,  we  venture  to  add  the  following 
recommendations  to  our  report : — 

1.  That  the  entire  manipulation  of  the  cartridges  should 
be  entrusted  to  special  shot-firers,  who  should  be  instruoted 
in  their  use. 

2.  That  the  effective  tamping  of  the  cartridges  shoidd  be 
insisted  on.  Experiments  would  show  by  what  means  the 
complete  combustion  of  the  roburite  could  be  invariably 
secured. 

3.  That  every  care  should  be  taken  to  ensure  the  removal 
of  the  fumes  from  the  working  faces  before  the  return  of 
the  miners,  e,g.y  by  continually  bringing  the  brattice  cloths 
up  to  the  working  faces. 

4.  That  the  products  of  explosion  should  be  rapidly 
mixed  with  a  large  volume  of  air.  We  lay  stress  on  the 
necessity  for  the  carbonic  oxide  being  dilute  with  a  large 
quantity  of  air  before  it  can  be  breathed  with  impunity  by 
those  who  enter  the  mine. 

Harold  B.  Dixon, 

ChAS.    J.    MOUNCEY, 

'  Nathan  Hannah. 
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OF  THE 

MANCHESTER   GEOLOGICAL    SOCIETY. 

Pakt  XII.  Vol.  XX.  Sessioit  1889-90. 

The  Annual  Meeting  of  the  Members  was  held  on 
Tuesday,  the  8th  October,  1889,  in  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  36,  George 
Street. 

Mr.  John  Knowles,  M.Inst.C.E.,  J.P.,  the  retiring  President, 

occupied  the  Chair. 


The  Chairman  called  upon  the  Honorary  Secretary,  Mr. 
Mark  Stirrup,  to  read  the  Annual  Report : — 

REPORT    OF    THE    COUNCIL 

For  Session  1888-9. 

The  Council,  in  presenting  the  Fifty-first  Annual  Report  of 
the  proceedings  of  the  Society,  can  congratulate  the  members 
upon  the  close  of  a  Session  marked  by  the  continued  evidence 
of  a  sound  vitality  and  prosperity;  the  test  of  which  is 
verified  by  the  numerous  and  important  subjects  brought 
before  the  meetings  for  discussion,  and  by  the  examination 
of  the  Treasurer's  Statement. 

The  following  changes  in  the  list  of  members  may  be 
noted :  One  ordinary  member  (Lees  Enowles,  Esq.,  M.P.,) 
has  compounded  for  the  annual  payments  and  become  a  life- 
member,  and  14  new  ordinary  members  have  been  elected 
and  added  to  the  roll. 

The  losses  may  be  enimierated  as  follow  :  Three  members 
have  died,  two  of  which,  viz.,  Charles  Hardwick  and  James 
RadcliSe,  your  Coimcil  have  to  regret  as  old  and  valuable 
colleagues. 

21 
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Five  members  have  resigned,  and  six  have  been  removed 
from  the  list  for  non-payment  of  the  subscriptions  ;  the  net 
reisult  being  that  the  total  number  of  members  is  the  same 
as  at  the  corresponding  period  of  last  year,  although  the 
Society  is  now  undoubtedly  in  a  stronger  position,  owing  to 
the  elimination  of  the  defaulting  members. 

The  list  of  members  is  at  present  thus  constituted: — 
Honorary  members  16,  Life  members  9,  Ordinary  members 
188,  making  a  total  of  213. 

In  addition  to  the  ordinary  meetings  fixed  at  the  commence- 
ment of  the  Session,  two  additional  ones  were  held  during  the 
year;  one  at  Wigan,  for  the  further  discussion  of  the  new  ex- 
plosive "Roburite,"  and  the  other  an  evening  meeting  at 
the  usual  meeting  room  in  George  Street,  the  latter, 
necessitated  by  the  accumulation  of  papers  in  the  hands  of  the 
Honorary  Secretaries,  which  it  was  desirable  to  communicate 
to  the  members  before  the  close  of  the  Session. 

The  papers  and  short  communications  (a  list  of  which  is 
appended  to  this  Report)  have  been  both  interesting  and 
valuable,  embracing,  as  they  do,  the  various  subjects  con- 
nected with  the  special  objects  for  which  the  Society  was 
founded,  namely,  "The  investigation  of  the  mineral 
structure  and  organic  remains  of  the  earth  ;  and  the  study 
of  the  statistics  and  machinery  of  mining." 

A  valuable  statistical  paper  upon  the  development  of  the 
coal-field  of  Great  Britain,  and  the  range  of  prices  of  coal 
during  a  period  of  upwards  of  60  years,  was  the  subject  of 
the  President's  opening  address,  while  the  excavations  of  the 
Manchester  Ship  Canal  Company  have  furnished  the  theme 
of  not  a  few  of  the  papers. 

Others  are  connected  with  the  work  of  the  Research 
Committees  of  the  British  Association,  which  the  Society, 
as  one  of  the  Corresponding  Societies,  is  endeavouring  to 
promote.    Several  of  these  Committees  are  formed  for  objects 
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well  within  the  scope  and  proyince  of  the  Society,  and  it  is 
boped  that  more  help  will  be  forthcoming  from  the  members 
to  aid  and  promote  the  ends  for  which  these  Scientific 
Committees  have  been  formed. 

The  connection  which  exists  between  the  Society  and  the 
Geological  collections  at  the  Owens  College  was  again 
renewed  on  the  29th  of  January  last  by  a  special  evening 
meeting  in  the  Museum,  on  which  occasion  some  interesting 
additions  to  the  collections  were  made  by  Mr.  Leader 
Williams  and  other  members. 

It  is  desirable  that  this  social  gathering  should  now  be 
considered  as  an  annual  event,  whereby  the  members  may 
be  incited  to  take  a  warmer  interest  in  the  Museum  and 
lead  many  to  a  systematic  study  of  the  valuable  specimens 
there  exhibited. 

During  the  summer  two  excursions  were  arranged — one 
to  the  Barton  Section  of  the  Manchester  Ship  Canal  Works, 
on  the  11th  of  May ;  the  other  to  North wich  and  the  Salt 
Works,  on  the  1st  of  August. 

The  one  to  Barton  had  to  be  postponed  on  account  of  the 
very  heavy  rain  that  prevailed  at  the  time,  but  sub- 
sequently, arrangements  were  made  for  the  1st  June,  when 
a  very  successful  excursion  took  place,  imder  the  guidance  of 
the  Resident  Engineer ;  the  walk  extending  from  Mode 
Wheel  to  Sticking's  Island. 

The  Northwich  excursion  was  also  a  complete  success, 
owing  to  fine  weather  and  the  careful  arrangements  that 
had  been  made  for  the  comfort  of  the  party.  Two  of  the 
members — C.  E.  de  Ranee,  Esq.,  F.G.S.,  and  Thomas  Ward, 
Esq.,  J.P., — were  the  appointed  leaders,  and  most  efficiently 
and  well  did  they  fulfil  the  duty.  The  geological  features 
of  the  district  were  described  and  pointed  out,  the  present 
subsiding  areas  due  to  brine  pumping  were  examined,  as 
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well  as  the  sites  of  old  salt  woridngs,  nofw  ooTered  br  what 
aze  known  na  flashes  or  lakes  of  water. 

The  Anderton  lift,  wheiebv  the  canal  barges  are  trans- 
ferred from  the  canal  to  the  nTer  Wearer,  mnning  some 
50  feet  below,  was  also  Tisited  under  the  competent  guidance 
of  Mr.  Saner,  Engineer  to  the  Weaver  'Trustees^  the  latter 
body  haying  most  kindly  placed  a  steam-boat  at  the  service 
of  the  Society. 

LiB&ART. — As  in  preceding  years,  the  Library  continnes 
to  receive  a  large  addition  to  its  store  of  Cteological  and 
Mining  literature,  principally  by  the  way  of  donation  and 
exchange  with  Corresponding  Societies.  The  purchases 
have  been  the  following : — GFeology,  2  vols.,  by  Professor 
Prestwich.  Fossils  of  the  British  Islands,  YoL  1,  by 
Professor  Etheridge.  The  Minerals  of  New  South  Wales, 
by  Professor  Liversidge. 

Upwards  of  100  of  the  principal  Geological  Societies  and 
Mining  Institutes,  at  home  and  abroad,  are  in  regular  com- 
munication by  the  mutual  system  of  exchange  of  publications. 
The  volumes  so  received  give  an  important  feature  to  the 
Library,  which  should  make  it  of  especial  value  to  the 
members. 

The  Council  are  pleased  to  note  that  greater  use  has  been 
made  of  the  Library  during  the  past  year,  and  that  several 
members,  living  at  a  distance,  avail  themselves  of  it,  by 
having  books  sent  by  parcel  or  book  post. 

This  gradual  increase  of  the  Society's  property  has,  how- 
ever, its  drawback,  owing  to  the  limited  space  at  the  Society's 
disposal,  and  the  time  is  not  far  distant  when  additional 
accommodation  will  be  absolutely  necessary. 

Whether  Manchester  will  ever  be  dowered  with  a  suiteble 
building,  devoted  to  the  housing  of  our  numerous  Literary 
and  Scientific  Societies,  is  still  a  question  of  the  future,  but 
this  seems  certain,  that  it  must  look  rather  to  private  munifi- 
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cence  than  to  the  combined  action  of  the  Societies,  to  provide 
such  a  home,  for  as  a  commercial  speculation  it  would 
probably  be  a  failure.  Is  it  too  presumptuous  to  hope 
that  the  attention  of  the  Whitworth  Legatees  may  be 
turned  in  this  direction,  when  planning  their  proposed 
Whitworth  Institute  ?  Liverpool  has  already  such  a  home 
for  her  learned  and  scientific  societies,  where,  by  a  small 
payment,  suitable  to  their  means,  they  are  provided  with 
convenient  and  comfortable  quarters. 

The  Treasurer's  Statement  is  an  extremely  satisfactory 
docimicnt,  demonstrating  the  careful  management  and  the 
strong  financial  position  of  the  Society. 

The  balance  now  standing  to  the  credit  of  the  Society  is 
jC186  4s.  3d.,  being  the  excess  of  income  over  expenditure, 
accumulated  during  the  last  few  years. 

With  regard  to  the  disposition  of  this  balance,  your 
Council  have  empowered  the  Treasurer  to  purchase  One 
Hundred  Pounds  of  Lancashire  and  Yorkshire  4  °/o  Stock, 
which  will  thus  raise  the  amoimt  of  the  investments  on  behalf 
of  the  Society  to  the  very  satisfactory  sum  of  One  Thousand 
Pounds. 

The  income  from  this  source,  it  is  suggested,  might  here- 
after fittingly  be  applied  to  the  purchase  of  books,  a  more 
liberal  illustration  of  the  Transactions,  or  to  meet  any 
extraordinary  expense  that  may  be  deemed  advisable,  while 
the  annual  subscriptions  would  be  reserved  to  meet  the 
current  expenses. 

In  conclusion,  your  Council  in  handing  over  the  reins  of 
office  to  their  successors,  feel  confident  that  the  future  of  the 
Society  is  one  full  of  promise  and  stability,  if  the  members 
will  only  energetically  second  the  efforts  of  the  Council  in 
their  endeavour  to  promote  and  further  those  objects  which 
the  original  founders  of  the  Society  had  in  view. 


346 


aOCDOOe«  OCDO  OCD       oo 


«*i 


r-oooio«-«r-Or-OS^ 


r».-4  «-i  e«  CO 


c*ie« 


I 

00 
00 


-^eo 

r» 

^  ^ 

o 

£179 
186 

CO 
00 

i  It  --^ 

mo  J 

111 

tlUll!- 


2 


I 

CO 
CO 
00 


9^ 

2 


Ooo    . 

<*S  00    Q 
00  -M 


S 

I 


111' 

nil 


j|| 


5? 

S 


eo  O 


.     Ol  00 

CQ      i-l 

t-  CO 


o  o  o  o  o      o  o 

^  ^  O  O  O        O  CO 


«-i  •<}<  c^  CO  c^i      c;  •-• 


•3 


OQ      I 

C  00 

O  00 

•  rt  30 

O^ 

a  a 
a  o 

op  rC  '*^ 

a>  o  Q  0$ 
'^  ©  J  g 


•     I 

ooGQ 

a 

CO  ^ 

:3  a, 

^-«  -*j  -♦J  ■*j 

OS'S  Oi  o 

^  a  ^  - 


I-  1 

1 

CO 

o   i 

"<*< 

CO 

eo 

CO 
00 

o 

-a 

g 

s 

a 
a 

-3 
PQ 

o 
H 


03 

pq 


o 

O 


O) 
00 

00 


P 

CD 

O 


o 


tf  $ 


0s 


^ 


347 


THE  FOLLOWING  18  A  LIST  OP  PAPERS  AND  COMMUNICATIONS 

WHICH  HAYB  BBBN  BROUGHT  BBFOSB  TKB 

SOCIETY  DURING  THE  SESSION    1888-89. 
1888. 

NoTember.    Knowles,  John.     "  On  the  Coal  Trade." 

DawkiDs,  Professor  W.  B.     **  On  the  Clay  Slates  and 
Phyllites  of  the  South  of  the  Isle  of  Man ;  and 
a  Section  of  the  Foxdale  Mine,  Isle  of  Man." 
December.     Swete,  Oswald  R.     ''A  Miner's  New  Electric  Safety 

Lamp." 
Burrows,  J.  S.     **  Notes  on  Working  with  the  Edison- 
Swan  Lamp." 
Ormerod,  E.     "  Model  of  Patent  Safety  Cage." 
Dc  Eance,  C.  E.     *'0n  the  Geological   Survey  of 
Cheshire." 

Grundy,  James.     *^  On  Stemming  of  Shot  Holes." 
1889. 

January.        Grundy,  James.     **  On  the  Premature  Explosions  of 

Gunpowder." 
Hilton,   James.      '*  On  the  Use  of  Eoburite  in  Coal 

Mines." 
Kendall,  Percy  F.      **  The  Volcanic  Phenomena  of 

Mull."     (Given  at  Owens  College.) 
February.      Roeder,  Charles.      "  The   Salt  Works  at  Hale,   in 

Lancashire." 
Oldham,  Thomas.     ^*  On  the  Cause  of  Earthquakes,  of 

the  Dislocation  said  Overlapping  of  Strata,  and  of 

similar  Phenomena." 
Kendall,  P.  F.     **  On  a  large  Boulder  found  in  Oxford 

Street,  Manchester." 
De  Ranee,  C.  E.     "  The  late  Earthquake  Shock." 
March.  Knowles,  John.     '*The  Earthquake  Shock  of  Feb- 

ruary 10th,  1889." 
Bramall,   Henry.      '<  On    the    Effects    of    Roburite 

Fumes." 
Roeder,    Charles.     *'Some  further  Remarks  on   the 

Oxford  Street  Section." 
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March. 


April. 


May. 
June. 


August. 


Fletcher,  Herbert.     "  On  the  Effects  of  GtMif  Stonring 

on  Sudden  Issues  of  Gkis,  and  on  Ventilation.'' 
Hollingworth,   G^rge   H.      ''The    Phoenix  Patent 

Safety  Lamp." 
Boeder,  Charles.    '  *  On  a  new  Archoeological  Discoyery 

on  the  Ship  Canal  at  Sticking  Island." 
Watts,  William.      *<  On  the  Use  of   Boburite   and 

other  Explosives  in  Mines." 
Bolton,   Herbert.      *'  On    Fish    Bemains    from    the 

Lower  Coal  Measures." 
Various.     Discussions  on  Boburite. 
Clifford,  William.     *'  Additional  Notes  on  Bichmond 

Coal  Field,  Virginia." 
Dickinson,  Joseph.     "  On  Carbonic  Acid  Gkis  or  Black 

Damp,  as  commonly  found  in  Mines." 
Bird,  W.  J.     "  Note  on  the  Seaton  Carew  Boring." 
Watts,  William.     *  *  Erratic  Boulders  and  Boulder  Clay 

in  Castleshaw  Valley." 
Watts,  William.      **  Thermometrical  Observations  of 

Atmospheric  Air  and  Water  at  Piethome  and 

Denshaw." 
Boeder,  Charles.     **  Some  Notes  on  the  Barton  Section 

of  the  Manchester  Ship  Canal." 
Stirrup,  Mark.     "On  the  Ancient  Canoe  found  at 

Barton-upon-Irwell. 
Clark,  C.  F.  and  others.     **  Discussion  on  Boburite." 


The  President  said  he  had  much  pleasure  in  moving 
that  the  Report  which  had  been  read,  together  with  the 
Treasurer's  Statement  be  received  and  adopted. 

Mr.  Barrett  seconded  the  motion,  and  it  was  passed 
imanimously. 

Mr.  Stirrup  stated  that,  in  accordance  with  the  Council's 
resolution,  the  sum  of  £100  had  been  (or  would  immediately 
be)  invested  by  the  Treasurer  in  Lancashire  and  Yorkshire 
4  per  cent,  stock. 
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NEW  ORDINARY  MEMBERS. 


Aflhwoith,  Dr.  J.  "W. 
Beck,  WilHam 
Birtwistle,  Arthur 
Bolton,  Edgar  0. 
Dobbs,  Joseph 
Foster,  John  W. 
Moore,  J.  K. 


Monro,  Donald 
Settle,  William 
Scott,  W.  B. 
Swete,  0.  R. 
Taylor,  John 
Taylor,  Reuben 
Taylor,  William 


MEMBERS  DECEASED. 


Farrar,  James 


I        Hardwick,  Charles 
RadclifFe,  James 


MEMBERS  RESIGNED. 


Gresley,  W.  S. 
Kearsley,  William 


Lyon,  Edward 
McAdoo,  John 

Meadows,  Chris. 


REMOVED  FROM  THE  LIST. 


Arthur,  David 
Atkinson,  Samuel  C. 
Hargreaves,  John 


Jackson,  William 
Robins,  George  J. 
Wood,  William 


ELECTION    OF    OFFICERS. 

The  Hon.  Secretary  drew  the  attention  of  the  members 
to  the  rules  of  the  Society,  which  renders  it  obligatory  that 
a  change  of  President  and  reconstruction  of  the  Council 
should  take  place ;  the  two  Vice-Presidents  and  four  Mem- 
bers of  the  Council  who  had  attended  the  fewest  number  of 
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CofoncQ  meetings  being  ineligible  for  re-election.  The 
election  was  then  proceeded  with,  and  the  following  Officers 
and  Council  were  declared  dolj  elected : — 

President: 

HENBT  HALL,  H.M.I.M. 

Vice-Presidents : 


W.  S.   BARRETT. 

HENRT  BRAMALL,  MJiui.C.E. 


GEORQE   PEACE. 
WM.    SAINT,    H.M.LM. 


Ex'Ofpcio  Vice-Presidents: 


JAMES    HETWOOD,    F.R.8. 
G.  W.    ORMEROD,   F.G.8. 
ANDREW    KNOWLES. 


G.   C.   GREENWELL,  F.G.8. 
R.  CLIFFORD  SMITH,  F.G.8. 
H.   M.   ORMEROD,  F.G.S. 


Right  Hon.  the  EARL  OF  CRAWFORD  &  BALCARRES. 

Sni  U.   K.  8HUTTLEW0RTH,   Bakt. 

GEORGE    GILROY,   M.Inst-C.E. 

EDWARD  PILEINGTON,  J.P. 

Profbsbob  W.   BOYD    DAWKINS,   M.A.,  F.R.S.,  F.G.S. 

JOSEPH    DICKINSON,   F  G.S. 

JOHN    KNOWLES,   M.Inst.C.E.,  J.P. 

Hon.  Treasurer: 

HENRY    MERE    ORMEROD,   F.G.S. 

Hon.  Secretaries: 

MARK    STIRRUP,   F.G.S.     |     GEO.   H.   HOLLINGWORTH,  F.G.S. 

Other  Hf embers  of  the  Council: 


WILLIAM   BRYHAM,   Junu. 
JOHN    8.    BURROWS,   F.G.S. 
WALTER    EVANS. 
JAMES    GRUNDY,   H.M.LM. 
WILLIAM    JOHNSON. 
GEORGE    H.   PEACE. 


CHARLES  PILKINGTON. 
JOHN    RIDYARD. 
JAMES  TONGE,   F.G.S. 
WILLIAM  WATTS,  F.G.S. 
GEORGE  WILD. 
ROBERT  WINSTANLEY. 


Hon.  Auditors: 

ALFRED    PILKINGTON.      |        CLEGG    LIVESEY. 
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Mr.  Stirrup  said  the  formal  business  of  the  meeting 
being  concluded,  he  wished  to  draw  the  attention  of  the 
members  to  a  paragraph  in  the  circular  calling  the  meeting, 
which  said: — 

''Members  desirous  of  reading  Papers,  or  making  short  com- 
manications  daring  the  ensuing  Session,  will  muoh  oblige  the  Hon. 
Sees.,  and  facilitate  the  arrangement  of  the  programme,  if  they 
will  send  in  as  earkf  as  possible  the  titles  of  their  subjects,  and  the 
date  they  would  prefer." 

Gentlemen  would  be  aware  that  it  was  very  necessary  that 
the  Secretaries  should  be  provided  with  material  for  the 
forthcoming  meetings.  He  might  say  that  he  had  a 
promise  from  Mr.  Ward,  of  Northwich,  of  a  paper  on  the 
American  Salt  Fields.  Mr.  Ward  had  recently  visited  the 
United  States  on  behalf  of  the  Salt  Sjrndicate,  and  he  (Mr. 
Stirrup)  thought  he  would  have  some  very  valuable  informa- 
tion to  bring  before  the  Society.  There  were  also  one  or  two 
other  papers  in  prospect:  one  was  on  the  Geology  of  St. 
David's  district,  by  a  gentleman  with  whom  he  had  been  in 
<K)rrespondence  for  the  last  18  months,  and  who  had 
previously  offered  his  aid  to  any  of  the  members  who  might 
visit  that  district.  There  were  also  other  papers  which  he 
(Mr.  Stirrup)  hoped  to  be  able  to  secure.  One  thing  he  wished 
strongly  to  urge  on  the  consideration  of  members — that  was, 
the  necessity  for  a  constant  accession  of  new  members.  Of 
course,  a  Society  like  theirs  was  continually  losing  members 
by  death  and  change  of  residence,  and  it  was  most  desirable 
that  others  should  be  found  to  take  their  places.  They  had 
maintained  their  groimd  pretty  well  last  year,  and  he  hoped 
in  the  ensuing  year  they  would  do  even  better.  It  was, 
moreover,  advisable  that  they  should  have  new  members  join- 
ing as  early  as  possible  in  the  Session  ;  it  was  an  advantage 
both  to  themselves  and  to  the  Society. 

Professor  Boyd  Dawkins  said  he  hoped  before  long  to 
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have  a  communication  to  make  to  the  Society  with  reference 
to  the  boring  in  the  neighbourhood  of  Dover. 

Mr.  Stirrup  :  We  propose,  if  the  authorities  will  allow 
us,  to  have  a  meeting  at  the  Owens  College  again  in  January. 

Professor  Boyd  Dawkins  :  Nothing  will  give  us  greater 
pleasure  than  to  welcome  this  Society  to  Owens  College  at 
any  time. 

Mr.  Stirrup  then  moved  a  vote  of  thanks  to  the  retiring 
President,  remarking  that  they  all  felt  how  excellently  well 
Mr.  Knowles  had  filled  that  position.  He  had  given  them 
one  of  the  most  valuable  papers  on  the  production  of  Coal 
that  had  appeared  in  any  periodical  for  years  past. 

The  resolution  was  duly  seconded,  and  carried  unanimously. 

The  President,  in  returning  thanks,  said  it  had  been  a 
pleasure  to  him  to  associate  himself  again  with  the  members 
of  that  Society,  and  to  take  an  active  part  in  the  meetings. 
It  must  be  expected  that,  with  the  large  amount  of  work  he 
had  on  his  hands,  he  was  pretty  well  tied,  especially  on 
Tuesdays,  but  the  change  made  last  year  in  the  day  of 
meeting,  from  the  first  to  the  second  Tuesday  in  the  months 
gave  to  him  and  other  members  who  were  connected  with 
collieries,  a  chance  of  attending  the  meetings  more 
regularly.  He  hoped  this  would  continue.  He  was  glad  to 
see  that  the  Society  kept  up  its  numbers,  and  he  trusted  that 
they  would  try  and  encourage  larger  attendances  at  the 
monthly  meetings. 

Mr.  C.  PiLKiNGTON  moved  a  vote  of  thanks  to  the  Hono- 
rary Secretaries.  He  observed  that  those  gentlemen  had 
had  a  good  deal  of  work  to  do  during  the  past  year,  and  it 
would  be  equally  heavy  in  the  coining  Session.  They 
deserved  the  best  thanks  of  the  members. 

The  motion  was  seconded,  and  carried  unanimously. 

Mr.  Stirrup,  replying  for  himself  and  his  colleague,  said 
it  was  a  pleasure  to  them  to  conduct  the  Society's  business. 
Personally,  he  had  its  welfare  at  heart,  or  he  could  not 
devote  so  much  time  as  he  did  to  it.  The  Society  was 
welcome  to  any  services  that  he  was  able  to  render. 

This  concluded  the  busifiess  of  the  meeting. 
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APPENDIX    TO    THE    REPORT. 


PRESENTATIONS    TO    THE    LIBRARY,    1888-89. 


Belfast  Natural  History  and  Philosophical  Society. — Report  and 
Proceedings  for  Session  1887-8.     From  the  Society, 

Bristol  Naturalists'  Society. — Proceedings,  Part  3,  Vol.  V. ;  Part 
1,  Vol.  VI.     From  the  Society, 

Chester  Society  of  Natural  Science  and  Literature. — Annual  Report, 

1888-9. 
Chesterfield  and  Midland  Counties  Institute  of  Engineers. — Trans- 
actions.    Part  8,  Vol.  XV. ;  Parts  1-4,  Vol.  XVII.     From 

the  Institute. 
Cornwall. — Mining  Association  and  Institute  of  Cornwall.     Report 

of  Eighth  Exhibition.     Transactions.     Part  1,  Vol.  II.     From 

the  Institute. 
Cornwall. — Transactions  of  the  Royal  Geological  Society  of.     Part 

3,  Vol.  IX.     From  the  Society. 
Cornwall. — Royal    Institution   of.      Journal,    Part   3,    Vol.    IX. 

From  the  Council. 
Dublin. — Royal  Dublin  Society.      Scientific  Proceedings.      Parts 

7-8,  Vol.  V. ;   Parts  1-6,  Vol.  VI.     Scientific  Transactions. 

Vol.  III.,  Scries  2,  No.  14;  Vol.  IV.,  Scries  2,  Nos.  1-6. 

Dublin. — Royal  Geological  Society  of  Ireland.  Journal,  Part  2, 
Vol.  XVII.,  1885-7.     From  the  Society. 

Edinburgh  Geological  Society. — Transactions.  Part  4,  Vol.  V. 
From  the  Society. 

Edinburgh  Royal  Physical  Society. — Proceedings,  Session  1887-88. 
From  the  Society. 

Essex  Naturalist.— Nos.  7-12,  Vol.  II.,  1 888.  From  the Fssex  Field 
Club. 

Glasgow. — Natural  History  Society  of.  Proceedings  and  Trans- 
actions. Part  1,  Vol.  II.,  New  Series,  1886-7.  IVom  the 
Society. 
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Glasgow — Oeological  Society  of  Glasgow.     Transactions.     Part  2, 

Vol.  VIII.     From  the  Soeiety, 
Halifax. — Geological    and    Polytechnic    Society    of     Yorkshire. 

Proceedings.    New  Series,  Part  1,  Vol.  XI.   From  the  Soeiety, 
Hertfordshire  Natural   History  Society  and  Field  Club. — Trans- 
actions.    Part  9,  Vol.  IV. ;  Parts  1  -5,  Vol.  V.    From  the  Society. 
Leeds  Q«ological  Association. — Transactions.   Part  4,  1888.    ly-om 

the  Assoeiation. 
Leeds  Philosophical  and  Literary  Society. — Annual  report,  1888-9. 
Leicester  Literary  and  Philosophical  Society. — Transactions.    Parts 

8-11,  1889.     From  the  Society. 
Liverpool   Geological    Society. — Proceedings.     Part    4,    Vol.   V. 

Drom  the  Society. 
Liverpool    Geological    Association. — Transactions.      Vol.    VTII., 

Session  1887-8.     From  the  Association. 
Liverpool  Science  Students'  Association. — Proceedings  and  Report, 

1887-8. 
London    Geological    Society. — Quarterly    Journal.     Nos.    175-8, 

Vol.  XLV.     Drom  the  Society. 

London  Geologists'  Association. — Proceedings.     Nos.  7-9,  Vol.  X.; 

Nos.  1-3,  Vol.  XI.     Contents  and  Index,  Vol.  X.     From  the 
Association. 

London  Geological  Magazine. — Nos.  290-302.     Purchased. 
London  Institute  of  Mechanical  Engineers. — Proceedings.     Nos. 

2-4,  1888;  No.  1,  1889.     From  the  Institute. 
London. — Iron   and   Steel   Institute. — Journal.     No.    1-2,    1888. 

Frofn  the  Institute. 
London. — British     Association     Report. — Bath     Meeting,     1888. 

Prese7ifed  by  the  Association. 

London. — Palajontographical  Society.     Vol.  XLII.,   1888.     Pur- 
chased. 

London. — Year  Book  of  Scientific  Societies.     1889.     Purchased. 

London. — Royal  Institution  of  Great  Britain. — Proceedings,  Part 

2.  Vol.  XII.     From  the  Institution. 
London.— Royal    Society. — Proceedings.      Parts     268-272,    Vol. 

XLIV.;    Parts   273-279,  Vol.    XLV.;    Part   280-281,    Vol. 

XL VI.     From  the  Society. 
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Manchester  Association  of  Engineers. — ^Transactions,  1888;  Sdrd 
Annual  Eeport,  1888.  Four  Pamphlets.  From  the  Asiocia- 
tion. 

Manchester  Literary  and  Philosophical  Society. — Memoirs,  Vol.  I. 
Fourth  Series.     From  the  Society, 

Manchester  Field  Naturalists'  and  Archaeologists'  Society. — Report 
and  Proceedings  for  1888.     From  the  Society, 

Manchester  Microscopical  Society. — Annual  Keport,  1888.     From 

the  Society. 
Midland  Institute  of    Mining  Engineers. — Transactions.     Parts 

96-102,  Vol.  XI.     From  the  Institute. 

Newcastle-upon-Tyne. — North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. — Transactions.  Parts  5-6,  Vol. 
XXXVII. ;  Parts  1-3,  Vol.  XXXVIII.     IVom  the  Institute, 

North  Staffordshire  Naturalists'  Field  Cluh. — Annual  Report  and 
Transactions,  1888  and  1889.     I^om  the  CM. 

Scotland — Mining  Institute  of  Scotland. — Transactions.  Parts 
3-9,  Vol.  X. ;  Parts  1-3,  Vol.  XI.     From  the  Council. 

Soathampton — ^Hampshire  Field  Cluh. — Papers  and  Proceedings. 

Nos.  1-2.     From  the  Club. 
South  Wales  Institute  of  Engineers. — Proceedings.      Parts  1-3, 

Vol.  XVI.,  and  Rules.     From  the  Institute. 
Yorkshire     Geological     and    Polytechnic    Society. — Proceedings. 

Vol.  X.    History  of  the  Society,  1 837-1 887.     From  the  Society, 

Organization  of  the  Fossil  Plants  of  the  Coal  Measures.     Part  15. 

By  Professor  W.  C.  Williamson,  LL.D.,  F.R.S.     From  the 

Author. 
Congr^s  Geologique  International,  Fourth  Session,  London,  1888, 

Explication  des  Excursions.     From  M.  Stirrup. 
North  Shields,  Potts'  Mining  Register  and  Directory  for  1889. 

Presented  by  Publisher. 
Changes  in  the  Earth's  Crust,  by  Dr.  Rickctts  :  Pamphlet. — From 

the  Author. 
Etheridge's  British  Fossils-Paheozoic.     Vol.  I.     Purchased. 
Prestwich's    Geology,    Chemical,    Physical,    and   Stratigraphical. 

Two  Vols.     Purchased. 
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Deep  Borings  in  Trias,  Teignmonth.  Pamphlet  by  G.  W.  Ormerod. 
Presented  hy  Author. 

Mixed  Accidents  in  Mines.  By  A.  R.  Sawyer.  Presented  hy  the 
Author. 

Mining  Manual  for  1888.     Presented  hy  W.  R.  Skinner. 

Journal  of  British  Society  of  Mining  Students,  May,  1888.  Pre- 
sented hy  W.  S.  Oresley. 

The  following  Books  and  Pamphlets  were  presented  hy  Mr.  WiUiam 

Whitaker,  F.G.S.:— 

Geological  Sketches  of  the  Precious  Metal  Deposits  of  Western 

TJ.S.A.,  1885. 
Bulletin  U.S.  tSFeological  Survey  of  Territories.     No.   1,   Vol.  V., 

1879. 
Mines  and  Minerals  of  British  Columbia.     G.  M.  Dawson,  1877. 
"Work  of  International  Congress  of  Geologists.     Pamphlet  by  G. 

K.  GQbert,  1887. 
Pamphlet,  Chotts  Tunisicns,  Kydrologie,  &c.,  1881. 
Pamphlet,  Der  alte  Bergsturz  im  H.  A.  Heim,  1883. 
Pamphlets,  Geological  Survey  of  Great  Britain,  Explanations  of 

Horizontal  Sections.     Sheets  18,  41,  42,  54,  and  61. 

Stratigraphical  System  of  Organised  Fossils.     By  W.  Smith,  1817. 
Pamphlet,  American  Geological  Classification  and  Nomenclature. 

By  Jules  Marcou,  1888. 
Pamphlet,  Fiihrer  Kgl.  Mineralogische,  Geol.  Museum  zu  Dresden, 

1887. 
Pamphlet,  Den  Norske  Nordhaus  Expedition.     Chemi,  1882. 
List  of  Works  on  the  Geology,  Mineralogy,  and  PalsBontology  of 

Shropshire.     Pamphlet,  by  W.  Whitaker. 

Report  on  the  Tertiary  Lignite  Formation  near  49th  Parallel. 
Pamphlet,  by  G.  W.  Dawson. 

Annales  des   Sciences  Geologiques.      Vol.    III.,    1881.     By  M. 

Vasseur. 
Nitrate  and  Guano  Deposits  of  Atacama. 
Introductory  Lectures  at  Museum  of  Practical  Geology.     By  Edw. 

Forbes,  John  Percy,  A.  C.  Ramsay,  W.   W.  Smith.     Four 

Pamphlets. 
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Introductory  Lecture,   UniTersity  College,  London.      By  A.   C. 

Ramsay.     Pamphlet. 
Mensch  und  Eiszeit.     Dr.  Albrecht  Penck.     Pamphlet. 
Hiistory   and  Methods   of  Palaeontological  Discovery.     Professor 

0.  C.  Marsh.     Pamphlet. 
List  of  Palaeozoic  Fossil  Insects.     By  E.  D.  Lacoe.     Pamphlet. 
Review  of  Modem   Doctrine   of  Evolution.       By   E.   D.   Cope. 

Pamphlet. 
The  Taconic  Question  re-stated.     By  T.  Stcrry  Hunt.     Pamphlet. 
Die  Geologische   Landesuntersnchung  des   Konigreichs   Sachsen, 

1878-81.     By  Prof.  Credner.     Pamphlet. 
The  Valley  of  the  Soar.     By  J.  D.  Paul.     Pamphlet. 
Academic  de  Lausanne.     Installation  de  MM.  Maurer,  Renevier 

et  Rambert.     Pamphlet. 
Prospectus    of    International    Mining    and    Smelting   Company, 

Winnipeg.     Pamphlet. 

Annual  Reports,  fbok  thx  Cokmitteys. 

Bradford  Free  Libraries. — Eighteenth  Annual  Report. 

Cambridge  University. — 23rd  Annual  Report  of  the  Library  Syn- 
dicate. 

Devon  and  Exeter  Albert  Memorial  Museum. — Report,  1888  and 
1889. 

Liverpool  Free  Library  and  Museum. — 36th  Annual  Report,  1888. 

Manchester. — Owens  College. — Calendar.     1888-9. 

Salford  Museum,  Libraries,  and  Parks. — Annual  Report,  1887-8. 

Canada  and  U.S.  America. 

Canada. — Ottawa — The  Canadian  Mining  Review.  Nos.  7-12, 
Vols.  VI.,  VII.  ;   Nos.  1-7,  VoL  VIII.     From  the  Editor. 

Canada. — Ottawa. — Geological  and  Natural  History  Sun-cy  of 
Canada. — Maps  to  Vol.  II.,  1885.  From  A.  R.  C.  Selwyn, 
F.R.8.J  Director  of  the  Survey. 

Canada. — Canadian  Institute,  Toronto. — Proceedings.  Nos.  1-2, 
Vol.  VI.,  3rd  Series;  Annual  Report,  1887-8.  From  the 
Iruttitute. 

21n 


358 

Eozoon  CanadeDsc :  Its  Geological  and  other  Relatione.  By  Sir  J. 
W.  Dawson.  Eozoic  and  Palaeozoic  Rocks  of  Atlantic  Coast 
of  Canada  By  Sir  J.  W.  Dawson.  Notes  on  Balanus  Hameri. 
By  Sir  J.  W.  Dawson.  Notes  on  Cretaceous  Plants  from 
Port  McNeill.  Pamphlets.  By  Sir  J.  W.  Dawson.  From 
the  Author. 

Halifax,  N.S. — ^Nova  Scotian  Institute  of  Natural  Science. — Pro- 
ceedings and  Transactions.  Part  2,  Vol.  VII.,  1887-8.  From 
the  Institute. 

U.S.A.,  Camhridge. — Harvard  College. — Annual  Report  of  the 
Curator  of  the  Museum  of  Comparative  Zoology,  1887-8. — 
Bulletin  of  the  Museum  of  Comparative  Zoology.  No.  10^ 
Vol.  XIII. ;  Nos.  2-5,  Vol.  XVI.;  Nos.  1-3,  Vol.  XVII.— 
Harvard  University  Bulletin.  No.  42,  January,  1889.  FYom 
Alexander  AgMsiz. 

U.S.A.,  Chapel  Hill,  North  Carolina. — Elisha  Mitchell  Scientific 
Society.— Journal.  Part  2,  1887;  Parts  1-2,  1888.  From 
the  Society. 

U.S.A.,  Denver. — Colorado  Scientific  Society. — Proceedings.  Part 
3,  Vol.  II. ;  Part  1,  Vol.  III.     From  the  Society. 

U.S.A.,  Minnesota. — Geological  and  Natural  History  Survey  of. 
16th  Annual  Report  for  year  1887.  From  N.  IT.  Winchell, 
State  Geologist. 

U.S.A.,  New  York. — American  Institute  of  Mining  Engineers. — 
Transactions.     Vol.  XVI.     F'om  the  Institute. 

U.S.A.,  New  York. — American  Museum  of  Natural  History. — 
Annual  Reports,  1887-8  and  1888-9.  — Bulletin.  No.  2, 
Vol.  IL,  March,  1889.     From  the  Trustees. 

U.S.A.,  Ohio. — Geological  Suney  of  Ohio. — Economic  Geology 
and  Maps.     Vol.  VI.      From  Edward  Orto^i,  State  Geologist. 

U.S.A.,  Philadelphia. — Academy  of  Natural  Sciences.  Proceed- 
ings.    Parts  1-3,  1888.     From  the  Academy. 

U.S.A.,  Philadelphia. — Journal  of  Franklin  Institute.  No.  1, 
Vol.  XCI. ;  Nos.  753-756,  Vol.  CXXVI. ;  Nos.  757-762,  Vol. 
CXXVII.  ;  Nos.  763-4,  Vol.  CXXVIII.     From  the  Institute. 

U.S.A.,  Philadelphia. — Pennsylvania  Geological  Survey.  Annual 
Report  and  Atlas,  1886,  Part  4  ;  Atlas  of  Northern  Anthracite 
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Coal  Field,  Part  2 ;  Atlas  of  Eastern  Middle  Coal  Field,  Part  2. 
From  the  Board  of  Commissioners. 

U.S.A.,  Sacramento. — 8th  Annual  Report  of  State  Mineralogist, 
California,  1888. 

U.S.A.,  Scranton,  Pennsylvania. — The  Colliery  Engineer.  No.  12, 
Vol  VIII. ;  Nob.  1-12,  Vol.  IX. ;  No.  1,  Vol.  X.  From  the 
JSditor. 

U.S.A.,  Washington. — United  States  Geological  Survey.  Mono- 
graph, Vol.  XII.,  and  Atlas  ;  Geology  of  Leadville,  Colorado ; 
Bulletin,  Nos.  40-47,  1887;  Mineral  Kesources  of  United 
States,  1887.     From  the  Director  of  the  Survey, 

U.S. A,,  Washington. — Smithsonian  Institution.  Annual  Beport, 
1885,  Part  2  ;  1886,  Part  1.     From  the  Board  of  Regents, 

India. 

Calcutta. — Records  of  the  Geological  Survey  of  India.  Parts  2-4, 
Vol.  XXI.  ;  Parts  1-2,  Vol.  XXII.  From  the  Governor- 
General  of  India  in  Cowml. 

AUSTRAIJA. 

Melbourne. — Geological  Society  of  Australasia.  List  of  Members. 
Transactions.     Part  3,  Vol.  T. 

Sydney. — Royal  Society  of  New  South  Wales.  Journal  and 
Proceedings.  Parts  1-2,  Vol.  XXII.,  1888.  From  the 
Society. 

Sydney. — New  South  Wales. — Department  of  Mines. — Annual 
Report,  1887.     From  the  Government, 

Sydney. — Geological  Survey  of  New  South  Wales.  Memoir  No.  1, 
Palaeontology,  1888;  Memoir,  Palaeontology,  No.  2;  Tertiary 
Flora  of  Australia;  Records  of  Geological  Survey  of  New 
South  Wales,  Part  1,  Vol.  I.,  1889 ;  Descriptive  Catalogue  of 
Exhibit  of  Metals,  Minerals,  &c.,  at  Melbourne  International 
Exhibition,  1888.     From  the  Hon.  the  Minister  of  Mines, 

Victoria.  — Gold  Fields  of.  Reports  of  Mining  Registrars.  June, 
September,  and  December,  1888.     From  the  Government. 

Victoria. — Annual  Report  of  Mines  and  Water  Supply.     1887. 

Victoria. — Mineral  Statistics  of  1887.     From  the  Government. 
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Victoria. — Natural  History  of.  Prodromus  of  the  Zoology,  1888 
From  Fred  McCoy,  F.R.S.,  Director  of  the  Victoria  Museum, 
Melbourne. 

New  Zealand. — Reports  of  Mining  Industries,  1888.  From  the 
Government. 

FoilKION. 

Berlin. — Zeitschrift    der    Deutschen    (Jeologischen    Gesellschaft. 

Heft  1-4,  Band  XL.     FYom  the  Society. 
Bmssels. — Societe  Malacologiquo  de  Belgique.     Proems- Verbeaux, 

Vol.  XVII.,  1888;  Annales,  Vol.  XXII.,  1887.      Fyom  the 

Society. 
Brussels. — Sur  la  decouverte  a  Ixelles,  d*un  Ossuairo  de  Mammi- 

feres.     Sur  le  Gisement  dcs  Silex  Tallies  attribues  k  I'Homme 

Tertiairc.     2  Pamphlets.     F^om  the  Author^  M.  Mourlon. 

Brussels. — Catalogue  Illustre  des  Coquilles  Fossiles  d'  Eocene  de 

Paris.     Purchased. 
Buenos  Ayrcs. — Estadistica  de  Conicrcio  e  Navigaoion  de  Rep. 

Argentine,  1888.     Dates  Trimestrales  del  Comercio  Exterior, 

No.  59,  1888 ;  Los  preeupuestos,  los  recursos  y  los  Leyes,  &c.; 

Censo  Municipal,  1887.     From  the  Government. 

Christiania. — The  Probable  Cause  of  the  Displacement  of  Beach 
Lines :  Pamphlet  by  Professor  A.  Blyth.  Additional  Note  by 
Professor  A.  Blyth. 

Christiania. — Variations  of  Climate  in  Course  of  Time :  Pamphlet 
by  Professor  A.  Blyth.     From  the  Author. 

Christiania — Royal  University  of  Norway.  Reusch  Bommeleon, 
with  English  Summary,  1888.      From  the  University. 

Dresden. — Sitzungsberichte  der  Naturwissenschaftlichen  G*88el- 
schaft  Isis  in  Dresden.  January  to  June,  1888;  July  to 
December,  1888.     From  the  Society. 

Halle,  a/S.— Vercins  fur  Erdkunde,  1888.     From  the  Society. 

Halle,  a/S. — Die  Kaiserlicho  Leopold-Carol.  Deutschen  Akademie. 
Leopoldina,  1886-7  ;  Die  Verstcinerungen  des  Cambrischen 
Schichten  Systems  der  Insel  Sardinia,  Nos.  1-33  ;  Leopoldina, 
Heft  24 ;  Elephas  Antiquus,  by  Dr.  Pohlig.  From  the 
Academy. 
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Iglo. — Jabrbuch  des  Ungarischen  Karpatben-Vereins.     16,   1889. 

From  the  Societi/. 
Kieff. — Eussia. — La  Societe  des  l^aturalistes.    M6moire8,  Vol.  IX., 

Books  1-2;  Proceedings,  Vol.  X.,  No.  31,   1889.     D^am  the 

Societi^. 
Lausanne. — Bulletin  de  la  Society  Vaudoise  des  Sciences  Naturelles. 

Nob.  98-99,  Vol.  XXIV.     From  the  Society. 
Lille. — Societe  Greologique  du  Nord.    Annales  1 4 .    IVom  the  Societi^, 
Naples. — Accademia  del  Scienze  Fisicbe  e  Matbematicbe.     E^ndi- 

conti,  Fasc  1-3,  6-10,  Vol.  II.,  Series  2,  1888;  Pasc  1-12, 

Vol.  I.,  Series  1,  1887.     IVom  the  Academy. 
Paris. — Revue  de   le    Legislation  des    Mines.      July-December, 

1888;  January -June,  1889.     Purchased. 
Paris. — Sur  un  Nouveau   Poisson  Fossile.     Pampblet  by  Cbas. 

Brongniart ;  Les  Blattes  de  TEpoque  Houill^re,  Pampblet  by 

Cbas.   Brongniart.     Presented    hy    the    Auth<n-f   M.     Charles 

Brongniart. 
Paris. — Annuaire  Geologique  Universel:   Vol.  IV.,  1888.     From 

Dr.  Dagincourt. 
Pisa. — Atti  della  Society  Toscana  di  Scienze  Naturali.     Vol.  IX. ; 

Processi  Verbali,  Vol.  VI.,  1889.     From  the  Society. 
Boma. — Atti  della  Eeale  Accademia  dei  Lincei.     Memorie.     Vols. 

III.  and  IV.,  Series  4.     Rendiconti.     Fasc.  11   and  12,  Vol. 

IV. ;  Fasc.  1-8,  Vol.  V.     From  the  Academy. 
San  Jose. — Rep.  de  Costa  Rica.     Argument  and  Reply  on  tbe 

Question  of  tbe  Treaty  of  Limits  between  Costa  Rica  and 

Nicaragua,  1887.     By  P.  P.  Zeleden. 
St.    Petersburg. — Academic    Imperiale    des   Sciences.      Bidletin. 

Nos.   2-4,    Tome    XXXII.      Memoires.      Nos.    1-16,   Tome 

XXXVI.     FVom  the  Academy, 
St.    Petersbourg.  —  Institut    des    Mines.      Comite    G^ologique. 

Memoires.     Nos.    2-4,  Vol.  V.;    No.  6,   2  Parts,  VoL  VI.; 

Nos.  1-2,  Vol.  VII. ;  Bulletins  Parts  11-12,  Vol.  VI. ;  Nos.1-6, 

Vol.  VII. ;    Supplement  to  Vol.  VII.     From  the  Minister  of 

Domains. 
Wien. — Vereine  der  Geograpben  der  Wien.     Bericbt  14,  Vereins- 

jabr.     From  Ihe  Society. 
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BOOKS  PUBCHASED,    1888-9. 

FoosilB,  Palsosoic.    YoL  I.    Bj  ProL  Etfaeiidge. 

GataLogne  JUnsti^  des  CoqmlleB  Foesiles  d'Eooene  de  Pans. 

Geology,  Chemical,  Physical,  and  Stratigraphical.    2  Vols.   By 
Prof eaaor  Preatwich. 

(3eological  Magazine. 

Palsontographical  Society's  Monograph.     Vol.  XLII.,  1888. 

Bevne  de  la  Legislation  dee  Mines.     Paris. 

Year  Book  of  Scientific  and  Learned  Societies.     1889. 


SoCIXniS  WITH   WHOM    THE    SOCOTT    EXCHAKOSS  US    TbASB4C0OVB 
▲VD  IvSTITUTIOJrS  AXD  JoUUTALB  TO  WHOM  A.  CoPT  18  SBVT  RIB* 

I. — ENGLAin). 

London British  Museum. 

Geological  Society,  Burlington  House,  W. 
Geological  Survey,  Jermyn  Street,  S.W. 
Geologists'    Association,    University     CoU^^ 

Gower  Street,  W.C. 
Institute  of    Mechanical    Engineers,   Vict^^^*^ 

Street,  S.W. 
Iron  and  Steel  Institute,  Victoria  Mansions,  S  - 
Royal  Institution  of  Great  Britain. 
Royal  Society,  Burlington  House,  W.  ^^ 

Public  Library,  Kensington,  High  Street,  ^'^  \ 
Manchester The  Manchester  Association  of  Engineers^ 

Hullard  Street,  Old  Trafford. 
Field  Naturalists'  Society,  16,  Kennedy  S 
Free  Library,  King  Street. 
Literary  and  Philosophical  Society. 
Owens  College. 

Salford  Royal  Museum  and  Library. 
Scientific    Students'   Association,    36, 

Street. 
Bamsley Midland  Institute  of  Mining  rEngineers. 


it. 


363 

Birmingham Free  Library  and  Museum. 

South  Staffordshire  and  East  Worcestershire 

Institute  of  Mining  Engineers,  Burlington 

Chambers,  New  Street. 
Bradford Public  Free  Library,  Bradford,  Yorkshire. 

Bristol Naturalists*  Society,  Clifton. 

Cambridge Geological  Museum,  University. 

University  Library. 

Chester Society  of  Natural  Science. 

Chesterfield Institution  of  Mining  Engineers,  13,  Cavendish 

Street. 
Cornwall Royal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 

^^C^^f  I  . . .  .Mining  Association  and  Institute  of  Cornwall. 

JSssex Essex  Field  Club,   8,  Knighton  Villas,  Buck- 
hurst  Hill,  Essex. 

Exeter Albert  Memorial  Museum. 

Falmouth Falmouth    Naturalist    Society,    De    Beauvoir 

House. 

Halifax Geological  and  Polytechnic  Society  of  Yorkshire. 

Leeds Philosophical  and  Literary  Society. 

Yorkshire  Naturalists*  Union  ("W.  D.  Roebuck, 
Esq.,  Sunny  Bank). 

Leicester     Literary  and  Philosophical  Society. 

Liverpool Free  Library  and  Museum. 

Geological  Association,  Free  Library,  William 

Brown  Street. 
Geological  Society. 

Science  Students'  Association,  Royal  Institution, 
Colquitt  Street. 
Ifeweastle-on-Tgne.. North  of  England  Institute  of   Mining  and 

Mechanical  Engineers. 

„        ,,       ( North    Staffordshire   Naturalists*   Field  Club, 

Neweastle.     \  ,^  r^     ^^      ^  ^  ,.-  .       ^  ^  « 

^  Madeley  Vicarage). 

Norwich    '.Geological  Society,  Museum. 
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Oxford Bodleian  Library. 

EadclifFe  Library. 
North  Shields  ....  Public  Free  Library. 

Southampton Hampshire  Field  Club,  Hartley  Institution. 

Stoke-on- 2Vmt ...  ,"^01111.  Staffordshire  Institute  of  Mining  and 

Mechanical  Engineers. 

Swansea    South  Wales  Institute  of  Mining  and  Mechanical 

Engineers. 

Warwick Natural  History  Society. 

Wat/ordf  Serts    . .  Hertfordshire  Natural  History  Society  and  Field 

Club,  the  Public  Library,  Watfoid. 

Wigan Free  Library. 

Mining  School. 

II. — Scotland. 
Dundee Free  Library  and  Museum. 

Edinhurgh Advocates'  Library. 

Geological  Society. 

Royal  Society. 

Royal  Physical  Society. 
Glasgow Geological  Society. 

Natural  History  Society. 

Hamilton Mining  Institute  of  Scotland. 

III. I&ELAND. 

Dublin Royal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 

Trinity  College  Library. 
Belfast Natural  History  Society,  The  Museum. 

rV. — Australia. 

Melbourne Geological  Society  of  Australasia,  17a.,  Queen 

Street. 
Public  Library  of  Victoria. 

Sydney Free  Public  Library. 

Royal  Society  of  New  South  Wales,  37,  Eliza- 

beth  Street. 
Department  of  Mines. — The   Honourable  the 
Minister  of  Mines. 
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V. — Canada. 

SamilUm Hamilton  Association. 

Ottawa Geological    and    Natural    History    Survey  of 

Canada  (A.  R.  C.  Selwyn,F.G.S.,  Director, 
Museum,  Sussex  Street,  Ottawa). 

M*Gill  College  (Principal,  Sir  J.  W.  Dawson, 
F.G.S.; 

Editor  of  Canadian  Mining  Review. 

Toronto Canadian  Institute. 

VI. — United  States.     . 
Boston,  U.S Free  Library. 

^^J^oUm^S^}'^^  ™®^^'  Mitchell  Scientific  Society. 

Columbus,  U.S, , .  .Ohio,  Geological  Survey  of  (Professor  Edward 

Orton,  State  Geologist). 

Denver Colorado  Scientific  Society,  Denver,  Colorado. 

Indiana,  U.S Department  of  Geology  and  Natural  History. 

IndianopoUs,  U.S.  .Professor  John  CoUett,  State  Greologist. 
Ifewhaven,  U.S.   .  .Professor  0.  C.  Marsh,  F.G.S. 

New  York,  U.S,  .  .American  Institute  of  Mining  Engineers  (R.  W. 

Raymond,  Box,  228,  New  York  City). 

New  York American  Museum  of  Natural  History,  Central 

Park. 
Philiidelphia,  U^S^.A^cademj  of  Natural  Sciences. 

Franklin  Institute. 
Shenandoah,  Fa,  . .  Editor  of  the  Colliery  Engineer. 

Washington,  U.S.  .Department  of  the  Interior.     U.S.  G^logical 

Survey. 
Smithsonian  Institution. 

Wyoming,  U.S.    .  .Historical  and  Geological  Society. 

VII. — Foreign  Societies. 

Berlin Deutsche  Geologische  Gesellschaft. 

Gesellchaft  fur  Erdkunde.     Zimmerstrasse,  90, 
Berlin,  S.W.,  12. 
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Bru$$eh    Society  Boyale  Mftlacologiqae  de  Belgiqne. 

Bueno$  Ayre$  ....  Officiana  Naciomd  de  Commercit. 

Calcutta    Geol<^cal  Survey  of  India. 

Chrutumia Boyal  UniTeTnty  of  Norwaj. 

Dresden     Natnrwissenschaftiche  Greaaellwchaft  las. 

HdUe,  A.8 Verein  far  Erdknnde. 

Die  Kaiserliche  Leopold.      CazoL      Deutsche 
Akademie  der  Natoif  oncher. 

ITatan,  Ru$na La  Societe  des  Natmalistes  de  I'TJniTerate  de 

"Kazan. 

Kieffy  Rftuia    .La  Societe  des  Natnralistes. 

LauMnne  {Suisse).  .Societe  Yaudoise  des  Sciences  Natorelles. 

Ldese,  Hungary    .  .Societe    Hongroise  des  CarpaUies  (Gentrale  in 

Lentschau). 

Lille Societe  Geologique  du  Nord. 

Naples Boyal  Academy  of  Sciences,  BibHoth^ne  de 

rUniversite  de  Naples. 

Paris    Annuaire    Greologiqne   Universel   (Dr.   Dagin- 

court,  15,  Bue  de  Toumon). 

Pisa Societa  Toscana  di  Scienze  Natorali,  Museo  di 

Storia-Naturale . 

Pio  de  Janeiro  ....  Museo  Nacional. 

Rome Beale  Accademia  dei  Lincei. 

St,  Petersburg  ....  Academie  Imperiale  des  Sciences. 

Institut  des  Mines.     Comite  Geologique. 
Turin    Auademie  Boyale  des  Sciences. 

VIII. — ScMKTiFic  Journals,  &c. 
Iron  and  Coal  Trades  Review^  342,  Strand,  W.C. 

Geological  Record,  W.  Topley,  F.G.S.,  Museum,  Jermyn  Street, 
London,  S.W. 

Mining  Journal^  Fleet  Street,  London. 

Colliery  Guardian,  49,  Essex  Street,  Strand,  London. 
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PAST  PRESIDENTS  OF  THE  SOCIETY. 


Year  of  Election. 


1838-9-40 

1841-2-3,  49-50-1 

1843-4-5,  55-6-7 

1845-6-7 

1847-8-9 

1851-2-3 

1853-4-5 

1857-8-9,  65-6-7 

1859-60-1 

1861-3,  77-8,  87-8 

1863-4-5 

1867-8-9,  84-5 

1869-70-1,  82-3 

1871-2-3,  88-9 

1873-4 

1874-5,  6-7,  86-7 

1876-6 

1878-9 

1879-80 

1880-1 

1881-2 

1883-4 

1885-6 


Egeiton,  The  Rt.  Hon.  Francis,  M.P. 

Heywood,  James,  F.R.S.,  F.G.S. 

Egeiton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P. 

Mosley,  Sir  Oswald,  Bart. 

Thicknesse,  Ealph,  M.P.,  "Wigan. 

Black,  James,  M.D.,  F.G.S. 

Ormerod,  G.  W.,  M.A.,  F.G.S. 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

Kay-Shuttleworth,  Sir  J.  P.,  Bart.,  M.P. 

Dickinson,  Joseph,  F.G.S. 

Knowles,  Andrew 

Greenwell,  G.  C,  F.G.S. 

Aitkcn,  John,  F.G.S. 

Knowles,  John,  M.Inst.C.E.,  J.P. 

Knowles,  Thomas,  M.P. 

Dawkins,  Professor  W.  Boyd,  F.R.S.,  F.G.S. 

Smith,  R.  Clifford,  F.G.S. 

Forbes,  John  Edward,  F.G.S. 

Lindsay,  Lord,  F.R.S. 

Kay-Shuttleworth,  Sir  Ughtred  J.,  Bart. 

Gilroy,  George,  M.Inst.C.E. 

Pilkington,  Edward,  J.P. 

Ormerod,  Henry  Mere,  F.G.S. 
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LIST    OF    MEMBERS. 

October,    1889. 


The  Karnes  of  Hooonuy  Members  are  printed  in 
•  Members  iriio  hare  compounded  for  the  A««i»ai  Sabscriptioii. 


Ycftrof 
Xksetion. 


1877 
1874 
1884 
1884 
1879 

1888 

1878 

1877  I 

1878  > 

1881 
1875 

1880 

1889 
1885 
1877 

1889 
1881 

1889 
1867 
1880 


Adamson,  Baoiel,  F.G.S.,  The  Towers,  Didsbuiy. 
Agasfiz^  Alexander^  Cambridge,  Massachusetts,  XJ.S.A. 
Ainsworth,  John,  Collieiy  Offices,  Walkden,  Bolton. 
Aldred,  James,  Withings  Lane  Colliery,  Radcliffe. 
Arrandale,  John  Thomas,  231,  Inee  Green  Lane,  Lower 

Ince,  near  Wigan. 
Ashworth,  J.  W.,  M.R.C.S.,  F.G.S.,  Thom  Bank,  Heaton 

Moor,  Stockport. 
Ashworth,  Thomas,  28,  Beansgate,  Manchester. 
Atherton,  James,  24,  Mawdsley  Street,  Bolton. 
Atkinson,  W.  X.,  H.M.  Inspector  of  Mines,  Newcastle, 

Staffordshire. 
Aubrey,  Richard  Charles,  Standish,  near  Wigan. 

Barrett,  W.  S.,  Xew  Hall,  41,  Old  Hall  Street,  Liverpool, 

Vicf'Pre4ident. 
BartoD,  Richard,  jun.,  Westleigh  Lodge,  Leigh,  near  Ifan- 

Chester. 
Beck,  William,  EUerbeck  Collieries,  near  Chorley. 
Beswick,  James,  Rock  YiUa,  Hoddlesden,  Barwen. 
Bickerton,  Charles  W.,  Hazel  Grove,  near  Stockport. 
Birtwistle,  Arthur,  Great  Harwood  Collieries,  nr.  Blackburn. 
Black,  W.  G.,  F.R.C.S.Ed.,  F.G.S.Ed.,  2,  George's  Square, 

Edinburgh. 
Bolton,  Edgar  0.,  Burnley  Collieries,  Burnley. 
Bolton,  H.  H.,  Xewchurch,  near  Manchester. 
Bolton,  H.  H.,  jun.,  Baxenden,  Accrington. 
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Year  of 
Blection. 


1887 
1878 

1886 

1878 
1877 
1877 
1861 
1880 

1859 
1881 

1882 
1875 
1878 

1882 
1884 
1887 
1887 
1881 
1882 
1889 
1886 
1882 
1878 

1878 

1883 
1879 


Boole,  George,  Kainford  Colliery,  near  St.  Helens. 
Bradford,  The  Right  Hon.  the  Earl  of,  Weston  Park,  near 

Shifnal. 
Bramall,   Henry,   M.Inst. C.E.,  Shade  House,  Pendlebury, 

Manchester.      Vice-President. 
Brocklehurst,  Thomas,  Rumworth  Colliery,  Dean,  Bolton. 
Broeck  Ernest  Van  den,  124,  Rue  Terra  Neuve,  Brussels. 
Brongniart  Charhsy  F.E.S.,  8,  Rue  Guy-de-la-Brosse,  Paris. 
Brooks,  Thomas,  Crawshaw  Hall,  Rawtenstall. 
Brown,  Wm.  Spcakman,    33,   Trafalgar  Road,    Birkdalc, 

Southport. 
Bryham,  William,  J.P.,  Ince  Hall,  Wigan. 
Bryham,   William,  jun.,  Douglas  Bank  Colliery,  Wigan. 

Member  of  Council. 
Bumett,R.T.,  F.G.S.,  1, Cavendish  Road, Birkdale, Southport. 
Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 
Burrows,  John  8.,  F.G.S.,  Yew  Tree  House,  Atherton, 

near  Manchester.     Member  of  Council. 

Caldwell,  George,  Moss  Hall  Collieries,  Wigan. 
Campbell,  H.  H.,  Surveyor,  Hardshaw  Street,  St.  Helens. 
Campbell,  W.  M.,  Sutton  Heath  Collieries,  St.  Helens. 
Chandley,  Charles,  Atherton,  near  Manchester. 
Clark,  Christopher  F.,  Park  Lane  Collieries,  Wigan. 
Clark,  George,  Mining  Engineer,  Newton-le- Willows. 
Clay,  Richard,  Dukinfield  Coal  Company,  Dukinfield. 
Clifford,  William,  Norton  Woodseats,  Sheffield. 
Cockson,  Charles,  King  Street,  Wigan. 
Cooke,    Charles,    Pillowell    Colliery,     Whitecroft,     near 

Lydney,  Forest  of  Dean,  Gloucestershire. 
Cowbum,  Henry,  253,  West  Leigh  Lane,  West  Leigh,  near 

Manchester. 
Crankshaw,  Joseph,  Montcliffe  Colliery,  Horwich. 
Crawford  and  Balcarres,   The   Right  Hon.   the  Earl   of, 

Haigh  Hall,  Wigan.     Fast-President. 
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1862 
1869 

1877 

1862 
1856 

1889 
1879 

1877 
1852 

1884 
1878 
1838 
1865 
1880 
1873 
1875 
1868 
1889 

1873 
1884 
1874 

1856 

1882 
1878 
1882 


Cro68,  John,  77,  King  Street,  Manchester. 

DawkinB,  Profeasor  W.  Boyd,  M. A.,  r.R.8.,  F.G.S.,  FJ9^, 
The  Owens  College,  Manchester.    Fagt-Prendmi. 

De  Eanee,  C.  E.,  F.G.S.,  Geological  Soirey,  Jermyn  Street, 
London,  S.W. 

*Derby,  The  Eight  Hon.  the  Earl  of,  Enowsley,  Liverpool. 

Dickinson,  Joseph,  F.G.S.,  H.M.  Lispectorof  Mines,  South 
Bank,  Pendleton.     Fast-PreMmt. 

Dobbs,  Joseph,  Coolbawn,  Castlecomer,  co.  Kilkenny. 

Drinnan,  Richard,  Outwood  Colliery,  near  Manchester. 

Edmondson,  Thomas,  Cliviger  CoUieries,  near  Bnmley. 
Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Old  Hall, 

near  Manchester. 
Elce,  George,  Altham  Colliery,  Whalley  Eoad,  Acctington. 
Ellesmere,  The  Right  Hon.  the  Earl  of,  Worsley. 
Emhleton,  T.  W,,  The  Cedars,  Methley,  Leeds. 
Evans,  Walter,  Longsight,  Oldham.     Member  of  Council. 
Fairclough,  William,  Leigh,  near  Manchester. 
Fletcher,  Herbert,  The  HoUins,  Bolton. 
Fletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Manchester. 
Fletcher,  Thomas,  Haulgh,  Bolton. 
Foster,    John    W.,    6,    North   Street,    New    Silksworth, 

Sunderland. 

Garforth,  W.  E.,  Halcsfield,  Normanton. 

Garside,  Sampson,  Denton  and  Haughton  Collieries,  Denton. 

Oeikie    Archibald^    LL.D.,    F.R.S.,    Geological    Survey, 

Jermyn  Street,  London,  S.W. 
Gilroy,  George,  M.Inst.C.E.,  Woodlands,  Parbold,  Wigan. 

Past-President. 
Glover,  B,  B.,  Haydock,  near  St.  Helens. 
Greener,  W.  J.,  Pemberton  Colliery,  Wigan. 
Grcenhalgh,  Robert,  Engineer,  Atherton,  near  Manchester. 
1863  I  Greonwell,  G.  C,  F.G.S.,  Duffield,  Derby.     Past-Preiident. 
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1874 
1879 

1879 
1883 
1880 

1888 

1877 
1879 


Greenwell,  G.  C,  jun.,  F.G.S.,  Poynton,  near  Stockport. 
Greenwood,  John,  jun.,  71,  Dickinson  Boad,   Busholme, 

Manchester. 
Gregson,  Edward,  11,  Chapel  Street,  Preston. 
Greensmith,  T.,  Moston  Colliery,  Failswortb,  Manchester. 
Grimke,    Theodore    Drayton,    Golhom  Hall,   Newton-le- 

Willows. 
Grundy,  James,  H.M.  Inspector  of  Mines,  Gordon  House, 

343,  Derby  Street,  Bolton.    Member  of  Council, 
Grundy,  H.  T.,  Colliery  Surveyor,  Badcliffe. 
Guihal  Theophile,    Professeur  d'Exploitation    des  Mines, 

Mons,  Belgium. 


1887     Hallas,  Gteo.  H.,  Wigan  and  Whiston  Coal  Company,  Ltd., 

Prescot. 

1883     Hall,  Jonathan,  Clifton  Hall  Colliery,  Clifton,  Manchester. 
1881     Hall,  Henry,  H.M.  Inspector  of  Mines,  BainhiU,  Prescot, 

President, 

1877  Handsley,  Bobert,  Burnley  Colliery  Offices,  Burnley. 

1861  Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan. 

1874  Hawkshawy  Sir  John,  KJaight,  F.B.S.,  33,  Great  George 
Street,  Westminster,  S.W. 

1878  Hedley,  John  L.,  H.M.  Inspector  of  Mines,  Flookersbrook, 
Chester. 

1875  Hetherington,  Joseph,  22,  Booth  Street;  Manchester. 
1883     Hewitt,  John  B.,  Mining  Engineer,  Derby. 
1838     ♦Heywood,  James,  F.B.S.,  F.G.S.,  36,  Kensington  Palace 

Gardens,  London,  W.    Fast-President, 

1862  Heywood,  Oliver,  Claremont,  Pendleton. 

1876  Higson,  John,  F.G.S.,  18,  Booth  Street,  Manchester. 
1881     Hilton,  James,  72,  Hawkshead  Street,  Southport. 
1885     Hindley,  C.  E.,  Polygon,  Eccles. 

1878     Holden,  Charles  H.,  Mawdsley  Street,  Bolton. 

1877  Holding,  William,  Cossall  Colliery,  near  Nottingham. 


372 


Year  of 
Blection. 

1878  Hollingworth,  George  H.,  F.G.S.,  12,  King  Street,  Man- 
chester.    Hon.  Secretary. 

1884     Howat,  Andrew,  25,  Mill  Street,  Ancoats,  Manchester. 

1878     Howell,  John,  Bradley  Fold  Colliery,  near  Bolton. 

1887  Hughes,  James,  The  Hanley  and  Bncknall  Goal  Co.,  Ltd., 
Bucknall,  Stoke-on-Trent,  Staffordshire. 

1884     Hughes,  Owen,  Limehurst,  Ashton-under-Lyne. 

1874     Bull,  Professor  Mwardy  M. A.,  F.R.S.,  5,  Raglan-id., Duhlin. 

1887  Jackson,  Andrew,  Manager,  Collins  Green  and  Bold  Collieries, 
Newton-le- Willows. 

1878  Jackson,  Charles  G.,  Hartford  House,  Wemeth,  near  Man- 

chester. 

1887  James,  J.  Stanley,  M.E.,  Leigh,  Lancashire. 

1883  Johling,  Albert,  Spring  Wood  House,  Burnley. 

1883  Johling,  Henry,  Spring  Wood  House,  Burnley. 

1884  Johling,  John,  Barcroft,  Cliviger,  Burnley. 

1879  Johnson,  Isaiah,  New  Colliery,  Westhoughton,  Bolton. 
1884  Johnson,  M.  G.,  Westholme,  Alsager,  Cheshire. 

1 882     Johnson,  William,  Ahram  Colliery,  Wigan.  Member  of  Council, 

1879     Kinahan,  O.  H,,  M.R.I.A.,  132,  Leinster  Road,  Rathmines, 

Dublin. 
1856     Knowles,  Andrew,  Swinton  Hall,  Swinton,  near  Manchester, 

Past-President. 
1889     Knowles,  James.     Pearson,  Knowles  &  Co.,  Wigan. 
1859     Knowles,  John,  M.Inst.C.E.,  J.P.,  Westwood,  Pendlebury, 

Past' President. 
1889     Knowles,  John.     Pearson,  Knowles  &  Co.,  Wigan. 
1882     Knowles,  Israel,  Ince,  Wigan. 

1 877     *Knowles, Lees,  M. A., LL.M.,  M.P.,  Westwood,  Pendlebury. 
1886     Knowles,  Robert,  Amcliffe,  Cheetham  Hill. 

1884     Leech,  A.  H.,  Brinsop  Hall  Colliery,  Wigan. 
1862     Livesey,    Clegg,    Bradford    Colliery,   Manchester.      Eon. 
Auditor. 
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of 
Bleotlon. 


1877 
1877 
1879 

1881 
1873 

1883 
1885 

1876 

1889 

1874 
1888 

1878 
1885 

1878 

1887 
1888 
1838 

1838 

1874 


1880 
1876 
1883 


Livesey,  Thomas,  Bradford  Colliery,  Manchester. 
Lord,  James,  Hill  House,  Rochdale. 
Lupton,  Arnold,  P.G.S.,  M.Inst.C.E.,  6,  De  Grey  Road, 
Leeds. 

McAlpine,  G.  W.,  Whinney  Hill  Colliery,  Accrington. 
Martin,  Joseph  S.,  F.G.S.,  H.M.  Inspector  of  Mines,  Duid- 

ham  Park,  Clifton,  Bristol. 
Mather,  William  Penn,  Iron  Works,  Salford. 
Mawson,  Robert  Bryham,  Sovereign  Colliery,  Westleigh, 

Leigh,  near  Manchester. 
Moore,  Alfred,  C.E.,  Queen's  Chambers,  No.  2,  Ridgefield, 

Manchester. 
Moore,  J.  K.,  CM.,  36,  Prince's  Street,  Douglas,  Isle  of 

Man. 
Morton,  G.  R.,  P.G.8.,  209,  Edge  Lane,  Liverpool. 
Munro,  Donald,  Pairfield,  near  Manchester. 

Nail,  Simon,  Newbold,  Rochdale. 

Newton,  Charles  Edward,  C.E.,  P.G.S.,  Carlton  Buildings, 

Cooper  Street,  Manchester. 
Nelson,  William,  Abram  Colliery,  Bickershaw,  near  Wigan. 

Oldham,  Thomas,  Holmefield,  Sale. 

Oliver,  Samuel  A.,  King  Street,  Wigan. 

Ormerod,  G.  W,,  M.A.,  P.G.S.,  Woodway,  Teignmouth, 
Past' President, 

Ormerod,  H.  M.,  P.G.S.,  5,  Clarence  Street,  Manchester, 
Sim,  Treasurer  and  Past- President, 
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1873  Pilkington,  Edward,  J.P. ,  Clifton  Collieries,  near  Manchester. 

Past-President, 

1877  Place,  W.  H.,  Hoddleston  Collieries,  Darwen. 

1851     Plant,  John,  F.G.8.,  Royal  Museum,  Peel  Park,  Salford. 
1887     Piatt,  Samuel  Sydney,  Assoc.M.Inst.C.E.,  14,  King  Street 
South,  Rochdale. 

1874  Ramsay,  Sir  A,  C,  LL.D.,  F.R.S.,  &c.,  &c.,  15,  Cromwell 

Crescent,  South  Kensington,  S.W. 
1860     Ridyard,  John,  Walkden,  Bolton.     Member  of  Council. 
1882     Rigby,  William,  Leader's  Buildings,  King  Street,  Wigan. 
1884     Roscoe,  James,  Little  Hulton,  Bolton. 

1887  Saint,    William,   H.M.,   Inspector  of  Mines,    24,  Gteorge 

Street,  Cheatham  Hill.      Vice-President, 

1888  Scarborough,  George  Edward,  Colliery  Manager,  New  Town 

and  Meadows  Collieries,  Wigan. 

1880  *Schofield,    Christopher  James,   Whalley  Villa,    Whalley 

Range,  Manchester. 
1887     Scott,  Frederic  W.,  Atlas  Works,  Reddish,  near  Stockport. 

1889  Scott,  William  B.,  133,  Manchester  Old  Road,  Middleton. 
1866     Selby,  Atherton,  Mining  Engineer,  Leigh. 
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Wild,  George,  Albert  Street,  Bardsley,  Ashton-under-Lyne. 

Member  of  CounciL 
Williams,  E.  Leader,  M.Inst. C.E.,  Manchester  Ship  Canal 
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Members  are  requested  to  communicate  to  the  Hon.  Secretariet  all 
changes  of  address,  also  any  corrections  or  omissions  in  the  list. 


TRANSACTIONS 

OP  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 

Pakt  XIII.  Vol.  XX.  Session  1889-90. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  November  12th,  1889,  at  the  Rooms  of  the  Man- 
chester Literary  and  Philosophical  Society,  George  Street. 

The  President,  Henry  Hall,  Esq.,  in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen,  having  been  proposed,  were 
balloted  for  and  duly  elected  Ordinary  Members  of  the 
Society : — 

Mr.  James  Knowles  (Pearson,  Knowles  &  Co.),  Wigan. 
Mr.  John  Knowles  (Pearson,  Knowles  &  Co.),  Wigan. 
Mr.  Richard  Clay  (Dukinfield  Coal  Co.),  Dukinfield. 


Mr.  Mark  Stirrup  (Honorary  Secretary)  laid  before  the 
meeting  several  communications  which  he  had  received. 
One  of  these  was  a  circular  from  the  Honorary  Secretaries  of 
the  Literary  and  Philosophical  Society,  inviting  the  mem- 
bers to  sign  a  memorial  to  the  Mayor  of  Manchester  in 
which  his  Worship  was  asked  to  call  a  public  meeting  for 
the  promotion  of  a  memorial  to  the  late  Dr.  James  Prescot 

Joule. 
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Mr.  Stirrup  also  announced  the  gift  of  sundry  interesting 
pamphlets  from  Mr.  De  Ranee,  of  the  Geological  Survey, 
including  one  on  ''  Salt  Making  Processes  in  the  United 
States,"  by  Thomas  M.  Chatard. 

The  thanks  of  the  Society  were  given  to  Mr.  De  Ranoe 
for  his  kind  donation. 

Mr.  Stirrup  further  stated  that  he  had  received  a 
letter  from  the  Carbonite  Syndicate  Company,  offering 
facilities  for  the  testing  of  "  Carbonite." 

He  replied  to  the  effect  that  the  Society,  as  a  Society, 
was  not  conducting  any  test  experiments,  but  that  some  of 
the  members  had  undertaken  experiments  with  regard  to 
roburite,  the  results  of  which  had  been  laid  before  the  Society 
at  its  meetings ;  and  he  thought  it  might  possibly  be  that 
some  members  who  were  interested  in  the  use  of  these 
explosives  in  mining,  would  probably  be  glad  to  experiment 
with  carbonite  in  the  same  way,  and  state  the  results.  If 
any  gentleman  should  desire  to  correspond  with  the  Carbonite 
Syndicate  with  that  view,  he  should  be  pleased  to  furnish 
him  with  the  address  of  the  Secretary. 


The  President  said  :  Before  proceeding  with  my  address 
I  should  like  to  take  the  opportunity  of  thanking  you  for 
the  high  honour  you  have  done  me  in  electing  me  President 
of  this  Society  for  the  coming  year ;  and  at  the  same  time  I 
would  ask  for  your  forbearance  in  regard  to  any  shortcom- 
ings in  conducting  the  business  of  the  meetings.  I  think  it 
is  very  important  that  the  President  should  always,  if 
possible,  attend  the  meetings ;  and  I  may  say,  as  far  as  I  am 
concerned,  that  that  will  always  be  a  pleasant  duty.  Then, 
in  order  to  have  a  successful  Society  you  must  have 
papers.      I    do    not    think    the    papers    need     be    very 
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lengthy  or  elaborate,  so  long  as  they  contain  something 
likely  to  raise  an  interesting  discussion.  I  think  also,  for  a 
successful  Society,  you  must  have  members :  the  more  mem- 
bers you  have  the  more  papers  you  will  have,  and  the  better 
meetings  you  will  have.  Any  one  who  can  should  endeavour 
to  assist  the  Society  by  trying  to  get  gentlemen  to  join 
who  they  think  would  add  to  the  efficiency  of  the  Society. 
In  that  direction  I  shall  use  every  possible  endeavour  myself. 

THE  PRESIDENT'S  ADDRESS. 


"THE  DURATION  OF  OUR  COAL  SUPPLY." 
By  Henry   Hall,  Esq.,  H.M.I.M. 


I  address  this  Society  with  great  diffidence,  more  espe- 
cially as  many  of  its  members  are  eminent  authorities  on 
the  science  of  Geology,  a  science  to  which  I  have  personally 
given  little  attention,  except  so  far  as  it  bears  upon  mining 
operations. 

This  being  so,  I  have  had  considerable  difficulty  in 
selecting  a  subject  for  an  address,  but  knowing  that  this 
Society  is  mainly  composed  of  two  classes  of  Members,  who 
may  be  distinguished  as  "Geologists"  and  "Miners";  I 
have  ventured  to  think  that  the  duration  of  the  coal  supply 
of  the  United  Kingdom,  may  be  of  some  interest  to  both 
sections. 

Before  proceeding  to  deal  with  that  subject  in  detail,  I 
should  like  to  say  a  few  words  on  the  general  usefulness  of 
Societies  such  as  this. 

The  Manchester  Geological  Society  was  founded  in  the 
year  1838,  and  now  nimibers  213  members,  it  has  had  a 
fairly  prosperous  career. 


Tie  isifsti  o<  isi  iwinfiifiit  w.bo  dodbc  die  flmeis 
tkofi  «f  SBBKrovB  sacfLxr  SQCBet».  ^iz^  to  tab  advuitage 
of  aasT  fpeeal  ksrjmie^^  poanesed  Ir^  ladiiiiMls  and  mab 
is  eammaa  pcopeftr.  sod  Ir^  laenf  «if  ai  j.«»ii  lit  and  dtt- 
aad  €QiiBpttri«n  cl  expenences^  to  sft  thoroiig% 
drffifah  qaesckn  and  diftee  the  inionnatHm  thin 
obtained.  Tliere  are  pwam*  s>  «tiAfd  vith  their  owb 
attainBMnts  that  ther  hold  afawMt  in  uttciit  the  idea  that 
it  Bar  be  pcesible  to  learn  irom  the  exnerienee  of  others 
We  aD  knov  the  proTcrb  that  **one  Ban's  experience  is  the 
wisdom  of  fool«w''  a  prorerb  whidi  when  applied  to  mming 
and  geological  matters  has  ceitainh'  a  great  deal  of  truth 
in  it. 

It  is  terrible  to  think  of  the  waste  of  time  and  energy  a 
man  who  finds  himself  on  being  ^  practical ''  will  spend  in 
oTercoming  difficulties  which  need  ne^er  hjiTe  arisen,  if  the 
'^  practical "  man  had  kept  his  ^es  opra  and  been  willing 
to  take  a  hint  from  his  neighboors.     A  friend  of  mine  was 
patting  in  "  endless  rope  haulage "  a  short  time  ago,  and 
noticiog  that  the  trams  seemed  to  do  anything  M  keep  ^ 
track,  I  asked  him  if  he  had  seen  the  system  in  operation 
anywhere,  suggesting  that  it  might  save  trouble  if  he  ^*^ 
to  take  an  opportunity  of  seeing  how  others  overcame  ^^ 
little  diflBculties. — His  reply  was  "Xo,  I  mean  to  figlB-"^^ 
out  myself."      At  what  loss  of   time  and   money  to 
employers,  the  sequel  would  show.     The  advancement  c^^ 
profession  can  only  be  attained  by  the  varied  experie^^' 
and  discoveries  of  its  various  members  being  brought 
review,  and  this  can  only  be  done  by  meeting  together  f 
time  to  time  and  comparing  the  results  of  different  meth^ 
of  operating — and  time — even  the  time  of  a  busy  jneLC^ 
well  spent  in  attendance  at  such  meetings.     I  know  M>  ^ 
some  do  grudge  the  time  thus  spent  and  complain  of      * 
much  theorising  by  Scientific  Societies,  but  so  far  as  ^^^ 
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Society  is  concerned  at  any  rate,  the  papers  read  are 
generally  eminently  practical,  and  such  as  might  satisfy  the 
greatest  lover  of  "  rule  of  thumh."  I  would  say  to  all,  and 
especially  to  those  who  are  young  and  looking  forward  to 
rising  in  their  profession,  become  members,  and  make  a 
point  of  attending  the  meetings  and  learning  to  have  a 
better  reason  for  adopting  any  particular  course  than  that 
your  fathers  or  grandfathers  did  so  and  so. 

And  I  think  such  Societies,  when  well  supported,  serve 
also  another  object,  they  give  a  standing  and  an  importance 
to  the  profession  with  which  they  are  connected,  and  at 
times  are  useful  to  defend  a  profession  when  attacked  either 
by  irksome  legislation  or  from  other  quarters.  On  these 
grounds  alone  it  is  to  all  our  interests  to  support  such  a 
Society,  for  we  cannot  disguise  the  fact  that  in  these  days, 
weakness  invites  attack. 

It  is  now  twenty  years  since  the  Royal  Commission 
reported  on  the  probable  duration  of  the  coal  supply  of  the 
British  Islands,  and  I  think  it  will  be  interesting  to  see  how 
far  the  estimate  then  made  has  been  verified. 

The  Conmiission  was  thought  desirable  at  that  time  to 
allay  or  justify  some  excitement  caused  by  opinions  ex- 
pressed by  Professor  Jevons,  to  the  effect  that  the  coal 
supply  of  the  United  Kingdom  was  being  rapidly  exhausted. 
I  believe  he  made  out  that  we  should  be  reduced  to  sore 
straits  for  coal  at  the  end  of  a  hundred  years.  Among  the 
names  of  eminent  men  who  were  elected  to  serve  on  the 
Commission,  of  which  the  Duke  of  Argyle  was  Chairman, 
I  see  the  name  of  one  of  the  Past  Presidents  of  this  Society, 
Mr.  Dickinson. 

The  Report  which  was  made  on  the  27th  July,  1871,  after 
some  five  years  labour  was  most  able  and  complete,  and  em- 
braced the  result  of  searching  enquiries  into  every  phase  of 
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the  subject,  and  no  one  who  looks  through  the  Report  can 
fail  to  be  struck  by  the  amount  of  industry  it  displays. 

The  enquiry  naturally  divided  itself  into  several  branches, 
but  the  two  great  questions  to  be  solved  were — 

1.  The  quantity  of  coal  available  in  these  islands,  that  is 
ooal  which  might  fairly  be  considered  to  be  within  the 
reach  of  mining  appliances. 

2.  The  rate  and  progress  of  consumption — this  latter 
being  much  the  most  intricate  and  difficult  of  solution. 

In  order  to  arrive  at  anything  like  a  correct  estimate  of 
the  quantity  of  coal  available,  the  extent  of  known  coalfields 
had  to  be  ascertained,  the  probability  of  fresh  coalfields 
being  discovered  had  to  be  considered,  and  the  depth  to 
which  workings  could  be  carried  had  to  be  decided.  The 
Commissioners  proceeded  by  means  of  committees  to  sift 
these  questions. 

The  extent  of  the  known  coalfields  it  was  possible  to  ascer- 
tain with  some  degree  of  certainty,  and  the  Report  fixes 
this  quantity  at  90,207  millions  of  tons  at  depths  not 
exceeding  4,000  feet,  and  exclusive  of  the  coal  overlaid  by 
the  Permian,  New  Red  Sandstone,  &c. 

Of  this  quantity  Lancashire  and  Cheshire  are  said  to  con- 
tain 5,546  millions  of  tons,  and  North  Wales  and  Anglesey 
2,010  miUions. 

In  giving  this  estimate  it  is  not  definitely  stated  what 
deductions  were  made  for  probable  loss  in  working,  but  as  a 
deduction  of  40  per  cent,  is  made  in  another  part  of  the 
Report,  we  may  assume  that  it  was  made  in  this  case,  and 
I  believe  in  valuing  a  coalfield  it  is  usual  to  take  about  two 
thirds  of  the  measured  tons  into  account,  so  that  the  deduc- 
tion is  apparently  a  fair  one. 
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The  Commissioners  have  estimated  the  ooal  at  less  depths 
than  4,000  feet,  underlying  the  Permian  formation  at  66,273 
millions  of  tons,  making  an  aggregate  total  of  146,480 
millions ;  and  these  latter  are  the  figures  they  rely  upon  in 
calculating  the  actual  coal  supply  of  the  United  Kingdom. 
At  the  same  time  they  hint  at  the  possibility  of  our  working 
at  much  greater  depths,  even  to  6,000  feet — ^at  which 
depth  the  natural  temperature  would  be  over  150°  Fahr., 
and  they  estimated  the  coal  between  4,000  and  6,000  feet  at 
29,000  millions  of  tons. 

The  question  of  coal  being  found  under  the  cretaceous 
rocks  in  the  South  of  England,  and  extending  to  the  Bath 
and  Bristol  coalfields,  was  also  considered,  and  the  opinions 
of  many  eminent  geologists  were  sought  on  the  subject,  but 
their  views  varied  to  such  an  extent  that  it  was  felt  to  be 
advisable  to  pass  this  question  over.  Sir  Roderick  Murchi- 
son,  who  was  one  of  the  Commissioners,  on  signing  the 
Report,  entered  his  protest  against  the  assumption  of  the 
probability  of  a  new  coalfield  in  the  South  of  England,  on 
the  ground  that  it  was  purely  theoretical  and  contraverted 
by  the  evidence  of  physical  data  all  around  the  area  in 
question. 

In  fixing  the  depth  of  available  coal  at  4,000  feet,  giving 
a  natural  temperature  of  114°  Fahrenheit,  there  seems  to 
have  been  a  good  deal  of  speculation  and  dilBBiculty  in 
deciding  whether  or  no  a  mine  at  such  a  depth  could  be 
sufficiently  cooled  down  by  ventilation  to  allow  of  work 
being  carried  on  with  any  degree  of  success.  However,  the 
Commissioners  eventually  decided  in  the  affirmative. 

Having  fixed  the  depth  to  which  workings  might  be 
carried,  and  the  coal  available  to  that  depth,  they  proceeded 
to  seek  a  divisor  by  which  to  calculate  the  exhaustion  of  our 
coal-fields.  Apparently,  on  the  advice  of  Mr,  Pryce 
Williams,  it  is  sought  to  show  that  the  consumption  of  coal 
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in  future  years  will  bear  a  fixed  relation  to  the  increase  of 
population,  and  many  pages  of  the  Report  are  devoted  to 
elaborate  calculations  as  to  what  that  increase  is  likely  to 
be,  and  the  decision  arrived  at  seems  to  be  founded  on  the 
theory  that  the  consumption  of  coal  will  be  rather  over 
4^  tons  per  head  of  the  population  per  annum  (exclusive  of 
coal  exported),  and  on  this  assumption  it  is  shown  that 
146,726  millions  of  tons,  that  is,  the  quantity  they  esti- 
mated as  available,  would  be  entirely  exhausted  in  360 
years. 

A  second  method  of  calculation  by  simply  adding  a 
constant  quantity,  viz.,  three  million  tons  (which  is  co-equal 
with  the  average  annual  increase  of  production  during  the 
previous  14  years),  to  each  following  year's  production,  the 
Commissioners  state  that  at  the  end  of  100  years  from  1871 
the  annual  consumption  would  be  415  millions  of  tons,  and 
from  these  data  the  coal  would  be  exhausted  in  276  years. 

A  third  calculation  is  made  on  the  assumption  that  the 
then  population  and  consumption  would  remain  constant, 
simply  oscillating  without  advancing,  and  in  that  case  the 
coal  would  last  over  1,200  years.  This  view,  however,  was 
not  considered  of  any  importance,  and  it  has  certainl}'-  been 
amply  disproved. 

Of  course,  as  the  Commissioners  pointed  out,  there  are 
many  other  contingencies  to  be  taken  into  account,  the  most 
important  being  the  increasing  cost  and  diflBculty  of  working 
as  the  coal-fields  draw  near  to  a  close — this  thev  sav  will 
prolong  their  life  to  some  extent  by  diminishing  produc- 
tion. 

I  now  propose  to  show  to  what  extent  the  conclusions  of 
the  Commissioners  have  been  verified  up  to  the  present 
time. 

The  calculation  based  upon  population,  and  giving  the 
duration  at  360  years,  is  somewhat  difficult  to  follow.     The 
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Keport  estimated  that  the  population  of  Great  Britain  in 
1881  would  be  28,943,000,  whereas  the  census  for  that 
year  made  it  29,710,012,  and  they  fixed  the  home  consump- 
tion of  coal  per  head  of  the  population  per  annum  at  4*4266 
tons,  whereas  it  proved  to  be  4*7867  tons. 

Since  1881  we  have  no  means  of  knowing  to  what  extent 
the  population  has  increased,  but  the  Commissioners 
estimated  that  in  1891  the  population  of  Great  Britain 
would  be  31,955,000,  and  the  home  consumption  of  coal  per 
head  per  annum  would  be  4*5786  tons. 

Now  if  we  divide  this  estimated  population  for  the  year 
1891  into  the  production  of  1888,  which  is  170,000,000,  less 
the  difierence  between  the  Commissioners'  estimate  of 
export  (12  million  tons)  and  the  actual  export  (20  million 
tons),  giving  say  162,000,000  tons,  we  have  a  consumption 
of  5*0007  per  head  of  the  population  against  the  4*j5786 
estimated  by  the  Commissioners,  or  a  difiference  of  nearly 
half  a  ton  per  head  of  population,  that  is,  the  consumption 
is  estimated  at  nearly  ten  per  cent,  less  for  the  year  1891 
than  it  is  found  to  be  in  the  year  1888. 

Hiis  being  so,  apparently  we  may  deduct  at  least  ten  per 
cent,  from  the  360  years  fixed  upon  by  the  Commissioners, 
which  simply  corrects  the  error  at  the  end  of  20  years, 
without  taking  into  consideration  the  under-estijnate  over 
the  whole  period,  which  would  be  very  considerable. 

We  will  now, — and  I  think  this  the  most  important, — 
test  the  second  system  of  calculation,  from  which  the  duration 
was  fixed  at  276  years,  and  which  was  arrived  at  by  adding 
a  coiistant  quantity  of  three  millions  of  tons  to  each  year's 
production  or  consumption  sii^ce  1869,  in  which  year  the^ 
coal  raised  amounted  to  107  millions  of  tons.  On  this  baais 
the  production  of  1888  works  out  to  164  millions  of  tons. 
And  the  actual  statistics  for  1888  show  it  to  be  170  millions. 

22a 
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I  think  the  Commissioners  may  fairly  be  congratulated 
on  this  extraordinarily  close  estimate  made  nearly  twenty 
years  ago,  the  difference  being  only  a  little  over  3  per  cent. 

The  lapse  of  time  and  events  have  in  this  way  certainly 
presented  very  strong  evidence  in  favour  of  this  latter 
method  of  calculation. 

I  find  that  if  the  average  increase  of  the  last  ten  years 
only  be  taken,  that  is  from  1878  to  1888  instead  of  the 
fourteen  years  previous  to  1869,  the  amount  to  be  added 
would  be  about  four  millions  of  tons  per  annum. 

On  this  basis  the  contents  of  the  coalfields,  viz.,  146,736 
millions  of  tons  would  be  exhausted  in  230  years  from  1888. 

Thus  both  systems  seem  to  considerably  over  estimate  the 
duration  of  the  coal  supply. 

I  have  pointed  out  that  the  Commissioners  based  their 
Report  on  the  assumption  that  seams  of  coal  could  be 
practically  worked  down  to  depths  of  4,000  feet  where  the 
natural  temperature  would  be  116**  Fahrenheit.  This  tem- 
perature, calculated  upon  one  degree  for  every  60  feet  of 
depth,  I  have  found  by  experiment  to  be  under  the  mark 
and  requires  the  addition  of  one  degree  for  every  100  yards 
of  depth,  so  that  at  4,000  feet  the  temperature  would 
actually  be  nearly  130"  Fahrenheit. 

Temperatvbes  taken  in  Plitogxd  Drill  Holes. 


Name  of  Mine. 

Theoretical 
Temperature 
due  to  depth 

Douglas  Bank  (Arley  Seam)  . 

86° 

Abram  (Arley  Seam)    

83° 

Ditto                

87° 

Bosebridge  (Arley  Seam)    . . . 

90° 

^Ashton's  Moss  (4-feet  Seam). 

100° 

•Astley  Deep  Pit 

96° 

Alexandra 

87° 

Actual 
Temperature. 

Depth 

91°        .... 

740 

89°       .... 

686 

94°       .... 

768 

.      93}°      .... 

806 

90°       .... 

1033 

.       88°       .... 

961 

88°       .... 

755 

*  It  is  not  clear  whether  the  temperatures  given  in  these  oases  were  taken  in  the  air 
at  face  or  in  drill  holes. 
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TSICPERATUBB    OF    AlB    IN    FaGB    OF    WOBEXNGS,    THE    W 

PLACES    BEnrO    SELEOTED. 


Name  of  Mine. 

Pemberton 

Tempera- 
ture. 

81° 

Depth  from 
surface  in  yarda. 

592        ... 

Diftance  from 
down  cast  shaft. 

•                                                   •    •   •   ■ 

Abram 

81° 

758       ... 

750 

Abram 

84° 

686 

1200 

ThiVinfifilH 

86° 

1056 

Bottom  of  dip. 
Not  stated. 

Alexandra    

82° 

755       . . . 

Aflhton'sMoss. . 
Duldnfield  .... 

86° 

. .       87° 

. .     1019       . . . 
961       . . . 

Top  of  No.  2  level 
North  Side  Dip. 

Douglas  Bank 
Douglas  Bank 
Douglas  Bank 

65° 

.       68° 

. .       75° 

740       .    . 
740       ... 
750         . . 

160 
220 
390 

The  manager  at  one  of  the  deep  pits  remarks  that  when 
men  work  in  a  temperature  exceeding  86°,  they  have  to  pay 
higher  wages. 

I  find  that  the  natural  temperature  can  be  considerably 
reduced  by  ventilation.  The  Commissioners  fixed  the 
amount  of  this  reduction  at  7°  where  the  air  had  to  travel 
round  a  long  wall  face,  but  from  experiments  made  when 
large  volumes  of  air  are  passing,  the  natural  temperature 
at  the  face  is  sometimes  reduced  as  much  as  15°.  This  still 
leaves  us  with  a  temperature  of  115°  at  4,000  feet  depth. 
Now,  I  find  that  workmen  begin  to  complain  of  heat  when 
the  temperature  reaches  about  80°,  and  I  think  that  there  is 
little  hope  of  English  workmen  being  able  to  do  a  fair  day's 
work  where  the  heat  exceeds  90°.  Personally,  I  find  it 
distressingly  hot  in  workings  of  80°. 

From  this  I  think  we  may  conclude  that  with  our  present 
knowledge  and  appliances  (which,  however,  must  by  no 
means  be  considered  finite),  where  temperature  due  to  depth 
reaches  100°,  coal  cannot  be  worked  except  at  very  great 
expense,  if  at  all. 
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Now,  as  to  the  probability  of  the  large  amoant  of  56,273 
millions  of  tons  of  coal  being  won  from  under  the  Permian 
and  other  formations,  Mr.  Dickinson,  whom  I  have  consnlted 
as  to  the  extent  that  this  hope  has  been  realised  up  to  the 
present  time,  states :  "  I  am  not  aware  that  to  any  extent  since 
"  the  date  of  the  Report  any  new  light  has  been  thrown  on  this 
''  subject.  There  are,  as  you  say,  instances  under  the  lip 
of  the  OYer-lying  formations  where  they  thicken  n^idly; 
but  there  are  other  instances  where  they  thicken  slowly, 
and  these  instances,  so  far  as  I  have  had  opportunities  of 
judging,  balance  each  other  on  the  average,  and  are  like 
^  many  coal  basins  which  have  a  very  slight  dip  at  one  side, 
*'  but  are  steep  at  the  other." 

My  own  opinion  is  that  the  New  Bed  Sandstone  thickens 
rapidly  from  its  edge.  At  Bamfurlong  Colliery,  near 
Wigan,  the  sandstone  is  26  yards  thick  at  the  Mains  Pit, 
and  in  a  borehole  being  put  down  1^  miles  distant,  it  has 
already  been  proved  275  yards  in  thickness,  and  the  hole  is 
still  in  sandstone. 

At  Prescot  some  boreholes  were  put  down,  and  the  red 
rock  was  found  to  increase  from  105  yards  to  155  yards  in 
a  distance  of  300  yards.  In  addition  to  the  difficulty  of 
depth  in  sinking,  there  is  also  the  question  of  water,  which 
is  always  found  in  very  considerable  quantities  in  passing 
through  red  sandstone. 

On  these  grounds  I  consider  that  we  may  fairly  discard 
the  idea  of  any  large  amount  of  coal  being  available  from 
this  source,  and  with  regard  to  the  probability  of  coal  imder 
the  cretaceous  rocks  in  the  South  of  England  it  seems  hardly 
possible  to  conceive  that  the  commercial  enterprise  of  Eng- 
lishmen could  have  failed  to  discover  it  long  ago  if  it  had 
been  in  existence. 
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This  being  so  I  fix  the  available  coal  at  90,207  millions  of 
tons,  that  is  the  quantity  situated  at  less  depths  than  4,000 
feet,  allowing  any  additional  quantities  that  may  be  got 
from  under  the  red  rock  to  stand  as  a  set  off  against  that 
which  may  be  found  impracticable  on  approaching  4,000 
feet,  and  on  this  data  if  we  add  three  million  tons  to  each 
future  years'  production,  this  being  the  average  increase 
fldnce  1854  up  to  1888  we  get  a  life  of  192  years,  but  the 
increase  over  the  ten  years  previous  to  1889  is  four  millions 
of  tons,  and  assuming  that  the  future  increase  will  be  equal 
to  this  we  get  a  duration  of  171  years  only  from  the  present 
time. 

It  will  be  interesting  to  us  locally  to  glance  for  a  moment 
at  our  own  coalfields  of  Lancashire  and  Cheshire.  The 
available  coal  at  less  depths  than  4,000  feet  in  these  counties 
is  estimated  by  the  Commissioners  at  5,546  millions  of  tons 
after  the  necessary  deductions  for  loss,  in  working,  and  the 
amount  overlaid  by  the  Permian  within  the  depth  mentioned 
is  estimated  at  6,085  millions  of  tons,  but  I  only  propose  to 
deal  with  the  former  figures. 

In  1888  the  production  of  Lancashire  and  Cheshire 
reached  twenty-two  millions  of  tons,  and  assuming  this 
quantity  to  remain  constant  the  end  would  come  in  234 
years  from  1888,  but  there  has  been  an  average  increase 
during  the  last  ten  years  of  a  quarter  of  a  million  tons,  and 
if  we  use  this  as  a  constant  number  and  add  it  to  each 
future  years'  production  we  only  get  a  duration  of  137  years 
from  1879. 

It  is  of  course  difficult  to  realise  the  immense  increase  of 
consimiption  which  is  shown  at  the  end  of  a  hundred  years 
by  the  method  of  adding  the  constant  number  representing 
the  average  increase  in  past  years,  for  instance  a  quarter  of 
a  million  as  computed  for  Lancashire  and  Cheshire  shows 
that  the  production  would  be  more  than  doubled  at  the  end 
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of  that  period.  But  I  think  the  best  criterion  for  dealing 
with  a  subject  of  this  kind  is  the  one  adopted,  viz.,  to  found 
the  estimate  on  what  the  experience  of  past  years  has  proved 
rather  than  to  set  up  some  new  theory  of  one's  own  evolved 
out  of  imaginary  circumstances. 

There  is  really  nothing  to  prevent  the  expansion  of  trade 
necessary  to  this  view,  especially  when  we  remember  that 
during  the  ten  years,  for  which  the  average  increase  is  taken 
in  one  of  the  calculations,  trade  has  been  at  its  lowest  ebb, 
and  our  exports  of  coal  to  foreign  countries  still  only  reaches 
about  twenty  millions  of  tons  per  annum. 

There  would  appear  to  be  an  important  outlet  for  English 
coal  in  this  direction.  It  is  true  as  telling  against  large 
exports,  we  have  the  fact  that  the  home  production  of  coal 
in  many  foreign  countries  is  extending,  but  in  no  other 
country  in  the  world  is  our  own  output  surpassed. 

The  "Bulletin"  published  by  the  Ministry  of  Public 
Works  in  France,  gives  the  production  of  the  United  States 
in  1887  at  118,000,000  tons,  at  a  cost  price  at  the  pit  mouth 
of  6s.  7d.  per  ton ;  Germany,  76,000,000  tons,  at  a  cost 
price  of  58.  per  ton ;  France,  21,000,000  tons,  at  a  cost  of 
8s.  6d.  per  ton ;  Austria,  19,000,000  tons,  at  a  cost  of  4s.  3d. 
a  ton ;  Belgium,  18,000,000  tons,  at  a  cost  of  6s.  6d.  a  ton ; 
Russia,  4,500,000  tons,  the  cost  not  stated ;  and  Spain  was 
the  only  other  country  in  Europe  which  produced  as  much 
as  a  million  tons ;  Australia  produced  3,000,000  tons  at  a 
cost  of  9s.  a  ton  ;  India,  1,315,000  tons,  at  a  cost  of  10s.  a 
ton ;  Japan,  1,254,000  tons,  cost  not  stated ;  New  Zealand, 
543,000  tons,  at  a  cost  of  lis.  a  ton.  The  Orange  State  and 
Transvaal  20,400  tons  at  a  cost  of  £2  158.  a  ton. 

These  statistics  give  us  an  idea  of  the  cost  of  production 
abroad,  and  this  question  of  cost  is  the  greatest  obstacle  in 
the  way  of  expansion  of  trade — if  foreign  countries  reduce 
their  cost,  while   we   at   home  add  to  ours,  this  obstacle 
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becomes  insurmountable.  I  find  from  particulars  kindly 
furnished  by  the  owners  of  different  mines,  that  during  the 
last  twenty  years  the  cost  of  getting  English  coal  has  not 
advanced  very  rapidly,  the  additional  cost  in  1889  being, 
apparently,  about  9d.  per  ton  more  than  1869,  the  costs 
in  1869  and  1879  were  very  similar.  This  increase  appears 
to  be  chiefly  due  to  larger  payments  for  labour,  but  whether 
to  higher  wages  or  to  more  labour  being  required  by  deeper 
mining,  hardly  affects  the  subject  we  have  in  hand. 

As  regards  expansion  of  trade,  consequent  upon  an 
increasing  population,  I  think  this  is  assured,  and  by  no 
means  depends  upon  what  may  happen  in  our  own  islands. 
We  work  for  the  world,  and  as  the  population  of  the  world 
accumulates,  so  will  the  demand  for  that  work  increase.  It 
has  been  stated  that  the  whole  of  humanity  at  present 
existing  on  the  globe  could  stand  shoulder  to  shoulder  in  the 
smallest  county  in  England. 

Many  may  hold  the  view  that  miners  will  never  be  found 
in  sufficient  numbers  to  raise  the  large  quantities  of  coal 
which  these  calculations  imply,  but  I  do  not  think  this 
difficulty  will  be  found  very  formidable.  High  wages  will 
always  attract  workmen,  and  an  increasing  population  will 
naturally  compel  larger  numbers  to  seek  their  means  of  liveli- 
hood underground  ;  indeed,  it  seems  somewhat  ridiculous  to 
urge  such  a  difficulty  in  the  face  of  the  present  cry  for 
emigration.  It  is  true  that  the  Government  have  adopted 
a  somewhat  protective  policy  in  enacting  that  before  a  man 
can  work  alone  as  a  miner,  he  must  have  served  an 
apprenticeship  of  three  years,  but  the  word  "alone"  in  the 
enactment  referred  to,  removes  the  chief  part  of  the  hardship. 

I  venture  to  submit  that  hands  and  energy  will  readily 
be  found  to  supply  us  with  whatever  increasing  quantities 
of  fuel  our  own  industries  or  foreign  countries  may  require, 
even  to  the  extent  of  quadrupling  the  present  demand.     It 
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ifl  true  that  to  obtain  this  result  many  more  pitB  would 
have  to  be  sank  and  increased  quantities  drawn  from 
existing  workings,  and  it  may  be  argued  that  the  whole  of 
the  coalfield  is  now  under  lease  and  that  such  extension  iB 
impossible  and  an  absurdity,  but  this  same  argument  might 
have  been  used  fifty  years  ago  and  probably  was,  and  eyents 
have  shown  us  with  what  truth.  I  think  necessity  will  be 
found  to  be  the  mother  of  invention  and  an  average  increase 
over  34  years  upon  which  the  calculation  in  our  case  is 
founded  can  hardly  be  reasonably  looked  upon  as  an 
abnormal  development,  and  we  must  bear  in  mind  that  only 
a  steady  increase  from  year  to  year  is  assumed  extending 
over  more  than  a  hundred  and  fifty  years,  enough  time  for 
extraordinary  developments  of  trade  and  commerce  in  every 
direction.  The  question  of  cost  of  production  will  be  found 
to  be  the  greatest  difficulty  in  the  way  of  the  continued 
prosperity  of  the  British  coal  industry. 

There  are  several  matters  referred  to  in  the  Report  which 
are  very  interesting  to  geologists.  The  Commissioners  seem 
evidently  to  have  been  of  opinion  that  coal  has  long  ceased 
to  grow,  and  that  the  seams  exist  chiefly  on  the  site  of  the 
forest  from  which  they  were  derived.  Both  these  conclusions 
seem  questionable.  With  regard  to  the  latter  the  evidence 
appears  to  be  that  a  coal  seam  on  the  site  of  the  forest  on 
which  it  grew,  is  the  exception  rather  than  the  rule.  The 
thin  bands  of  rock  or  shale,  frequently  of  not  more  than 
an  inch  or  two  in  thickness,  occurring  in  the  body  of  a  seam 
and  extending  with  great  regularity  over  large  areas,  and 
which  could  not  afford  foothold  for  a  new  growth,  seem 
certainly  to  point  to  the  accumulated  vegetation  having 
been  moved  by  floods  and  deposited  in  quiet  places,  and 
that  the  thin  bands  of  foreign  matter  were  formed  during 
the  intervals  between  recurring  floods. 

It  would  be  interesting  to  hear  the  views  of  geologists  as 
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to  what  became  of  the  coal  seams  which  disappeared  upon 
the  denudation  of  the  upper  parts  of  the  coal  formation 
previous  to  the  Permian  rocks  being  deposited,  and  which 
are  found  overlying  to  some  extent;  was  this  coal  lost 
entirely  or  was  it  sifted  and  silted  by  water  and  deposited 
elsewhere  ? 

I  may  mention  that  a  piece  of  cannel  was  given  to  me  a 
short  time  ago  which  had  broken  off  and  fallen  from  the 
Wigan  4  feet  seam  to  a  depth  upwards  of  250  yards  down 
the  Fault  leader,  the  edges  being  as  sharp  as  if  it  liad  been 
picked  off  yesterday.  Can  Geologists  give  us  an  idea  of  the 
date  when  the  yawning  fracture  took  place  which  allowed 
the  piece  of  cannel  to  fall  such  a  distance  ? 

I  hope  some  of  the  future  papers  that  the  Society  may  be 
favoured  with  may  include  some  reference  to  these  subjects. 

Mr.  John  Knowles,  Ex-President  of  the  Society  proposed 
a  vote  of  thanks  to  Mr.  Hall  for  his  address.  He  observed 
that  the  carefully  prepared  satistics  which  the  President 
had  brought  under  their  notice  deserved  the  fullest  con- 
sideration. 

Mr.  Dickinson  said  he  had  much  pleasure  in  seconding 
the  vote  of  thanks.  He  thought  the  review  which  the 
President  had  laid  before  them  was  a  very  able  one.  The 
Commissioners'  report  was  a  bulky  volume,  and  Mr.  Hall 
had  picked  out,  he  thought  most  of  its  salient  points. 
But  there  were  other  points,  of  great  importance,  and  it 
had  sometime  surprised  him  that  those  interested  in  the 
coal  trade  had  not  laid  hold  of  some  of  the  recommendations 
contained  in  the  Report.  It  was  too  late  in  the  afternoon 
to  discuss  them,  but  he  thought  they  afforded  material  for 
some  interesting  discussions  at  future  meetings. 

The  motion  was  put  to  the  meeting  by  Mr.  Knowles  and 
carried  unanimously. 
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THE  MEETINQ  OF  THE  BRITISH  ASSOCIATION 
AT  NEWCASTLE-UPON-TYNE. 


The  Report  of  the  Delegate,  Mr.  Mark  Stirrup,  F.OJ3. 


Mr.  Stirrup  read  the  following  Report,  whicli  he  had 
prepared  as  the  Society's  Delegate : — 

It  will  be  remembered  that  the  institution  of  Correspond- 
ing Societies  of  the  British  Association  arose  out  of  a  Report 
presented  to  the  Council  of  that  body,  at  the  Southport 
meeting,  1883,  by  several  gentlemen  who  took  an  interest 
in  the  operations  of  the  local  societies  of  our  large  towns, 
and  who  considered  there  was  much  valuable  work  accom- 
plished, which  was  being  wasted  and  forgotten,  owing  to  the 
want  of  concentration  and  the  need  of  greater  publicity  of 
the  results  obtained. 

By  union  with  a  central  controlling  organization  like  that 
of  the  British  Association,  it  was  thought  that  the  various 
scientific  societies  scattered  through  the  land,  could,  when 
necessary,  be  made  exceedingly  useful  in  collecting  any 
desirable  information,  or  in  aiding  any  plan  of  scientific 
research. 

Especially,  was  it  thought  that  important  and  valuable 
aid  could  be  given  by  local  societies  to  those  annually 
appointed  committees  of  the  British  Association,  which  are 
formed  for  the  carrying  out  of  such  investigations  as  those 
on  the  rainfall,  the  temperature  of  rivers  and  lakes,  under- 
groxmd  temperature,  erosion  of  sea  coasts,  the  height  of 
undergroimd  waters,  the  distribution  of  erratic  blocks, 
pre-historic  remains,  the  migration  of  birds,  the  preservation 
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of  natiye  plants,  and  various  enquiries  in  other  branches  of 
science. 

This  alliance  was  eventually  accepted  by  the  Council,  and 
the  "  Corresponding  Societies  "  Committee  has  since  become 
an  integrant  part  of  the  machinery  of  the  Association. 

It  then  remained  to  the  local  societies  to  organise  among 
themselves,  the  means  by  which  their  usefulness  should  be 
extended,  as  indicated  in  the  original  report.  A  year  or 
two  of  indecisive  and  tentative  eiBEorts  followed,  but  now 
several  of  the  societies  are  actively  engaged,  either  in  union 
or  separately,  in  aiding  those  research  committees  of  the 
Association  which  have  been  already  for  some  years  in 
operation. 

The  advantage  of  co-operation  in  work  of  the  character 
undertaken  by  these  scientific  committees  is  self-evident, 
and  the  local  society,  and  each  contributing  member  thereof, 
has  the  benefit  of  recognition  by  the  publicity  given  to  their 
papers  in  the  Annual  Report  of  the  Corresponding  Societies 
Committee,  which  report  is  incorporated  in  the  annual 
volume  published  by  the  Association.  As  a  means  of 
bringing  the  societies,  whose  fields  of  operation  are  so  widely 
separated,  into  communication,  each  Corresponding  Society 
is  invited  to  send  a  delegate  to  the  annual  meeting  of  the 
British  Association  wherever  that  may  be  fixed ;  at  such 
meeting  the  delegates  constitute  a  conference,  of  which  two 
are  held,  at  both  of  which  the  delegate  is  expected  to  be 
present.  At  these  conferences  the  several  sections  of  the 
Association  are  represented  by  deputies,  and  matters  are 
discussed  in  which  the  co-operation  of  the  Corresponding 
Societies  is  desired,  and,  also,  enquiries  are  answered,  and 
reports  made,  where  thought  necessary,  as  to  any  special 
work  in  which  a  corresponding  society  may  be  engaged,  or 
in  which  it  may  desire  to  embark.     Such  reports  or  recom- 
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^leIldatio]ls  brought  before  the  conference  the  delegates  are 
requested  to  lay  before  their  respective  sooielaeSy  so  that 
members,  where  able,  may  offer  assistance.  I  have  gone 
thus  somewhat  fully  into  the  history  of  this  movement,  so 
that  the  members  may  grasp  its  importance,  and  may  be 
induced,  wherever  possible,  to  lend  their  aid. 

At  the  recent  meeting  in  Newcastle-upon-Tyne,  in  Sep- 
tember hist,  some  35  delegates,  representing  sooietieB  m 
various  parts  of  the  United  Kingdom  were  present. 

At  the  first  conference  under  the  presidency  of  Mr. 
Francis  GFalton,  F.R.S.,  some  questions  relating  to  archsdo- 
logical  subjects  were  discussed,  but  these  being  outside  the 
scope  of  our  Society's  work,  I  need  not  further  allude  to 
them.  The  Rev.  E.  P.  Ejiubley  reported  on  behalf  of  the 
Yorkshire  Naturalists'  Union,  which  is  a  federation  of 
several  Naturalist  Societies,  that  active  interest  had  been 
aroused  in  the  question  of  the  distribution  of  erratic  boulders 
over  the  districts  with  which  they  were  connected, 
which  had  resulted  in  no  less  than  50  reports  having  been 
submitted  to  the  Boulder  Committee.  Another  subject  upon 
which  they  were  working  was  the  fossil  flora  of  Torkshire, 
which  included  that  of  their  coal-fields. 

A  proposal  which  was  first  made  at  the  Bath  Meeting  by 
Mr.  0.  W.  Jeffs,  was  again  brought  forward,  to  recommend 
the  formation  of  a  committee  to  collect  and  register  photo- 
graphs of  geological  interest. 

The  suggestion  was  referred  back  to  the  consideration  of 
the  committee  of  Section  C,  where  it  was  afterwards  adopted 
and  sent  up  to  the  Gommmitte  of  Recommendations  who 
apportioned  a  grant  of  £10  for  the  purpose. 

A  number  of  photographs  which  had  been  sent  in  by 
several    of   the    Corresponding    Societies    were   exhibited 
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at    one    of    the    conyersaziones    held    in    the    Newcastle 
Museum. 

Professor  Lebour  spoke  of  the  work  of  the  Earth  Tremor 
Committee  and  some  experiments  which  were  being  made 
by  the  North  of  England  Institute  of  Mining  Engineers. 
Two  seismometers  or  earthquake  recorders  being  placed 
underground,  in  one  of  the  coal-pit  workings  and  two  on 
the  surface,  so  that  for  the  first  time,  the  observations  would 
be  taken  simultaneously.  The  readings  were  automatic  and 
continuous. 

The  second  conference  was  presided  over  by  Mr. 
William  Topley,  F.R.S.,  when  further  reports  were 
made,  Dr.  Mills  drawing  attention  to  the  work  of  the 
committee  on  the  surface  temperature  of  rivers,  lakes,  and 
estuaries,  and  urging  the  delegates  to  use  their  influence 
with  their  respective  societies  to  increase  the  number  of 
observers.  • 

Mr.  De  Ranee,  F.G.S.,  Honorary  Secretary  of  the  Under- 
ground Water  Committee  deputed  by  Section  C,  spoke  of 
the  importance  of  the  enquiry  into  the  water  of  the  New 
Red  Sandstone  and  Permian  formations  as  a  source  of  water 
supply  to  towns,  and  recommended  the  subject  to  the 
attention  of  provincial  societies  whose  members  might  often 
aid  in  collecting  the  particulars  of  any  well  borings  in  their 
neighbourhood. 

The  Reports  of  the  Erratic  Blocks  and  Boulders  Committee 
and  the  Coast  Erosion  Committee  were  also  noticed. 

Professor  Lebour,  Secretary  to  the  North  of  England 
Institute  of  Mining  Engineers,  speaking  of  the  work  of  the 
Institute  said  they  had  formed  a  committee,  now  in  fidl 
working  order,  to  report  on  the  subject  of  flameless  explosives 
as  used  in  collieries.     Their  work  he  said  was  a  philanthrophic 
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one,  as  they  wished  to  avoid  the  possibility  of  a  flame  being 
projected  from  a  blown-out  shot,  in  an  atmosphere  laden  with 
flying  particles  of  dust. 

He  also  referred  to  another  committee,  consisting  of  the 
members  of  the  Mining  Institute  of  the  North  of  England, 
of  the  Midlands,  and  of  South  Wales,  which  was  appointed 
for  the  purpose  of  carrying  out  a  series  of  experiments  with 
fans  for  artificial  ventilation. 

Such  were  the  main  topics  of  interest  to  our  Society, 
which  were  brought  before  the  two  conferences,  and  which 
it  is  the  duty  of  your  delegate  to  report  and  bring  before 
you. 

With  regard  to  our  own  work,  we  have  had  some  three 
or  four  papers  on  erratic  blocks  brought  before  the  Society, 
the  results  of  which  have  been  forwarded  to  the  British 
Association  Committee,  and  incorporated  in  their  Report. 

Our  Society  has  been  instrumental  also  in  assisting  the 
newly  formed  committee  for  the  investigation  of  the  tem- 
perature variation  in  lakes,  rivers,  and  estuaries.  Our 
industrious  and  valuable  member,  Mr.  Watts,  has  submitted 
a  careful  set  of  thermometrical  observations  made  at  the 
reservoirs  belonging  to  the  Oldham  Corporation  Water- 
works, and  the  Manchester  Waterworks  Committee,  through 
Mr.  Berry,  have  consented  to  furnish  similar  details  with 
regard  to  those  large  artificial  lakes  known  as  the  Wood- 
head  Reservoirs. 

Owing  to  the  recent  formation  of  this  committee,  and  the 
short  time  that  has  elapsed  since  the  commencement  of 
observations,  for  the  most  part  early  in  the  present  year,  no 
discussion  of  the  results  was  undertaken  at  the  Newcastle 
meeting,  but  it  is  confidently  expected  that  these  observa- 
tions, when  taken  in  connection  with  the  temperature  and 
rainfall  of  the  respective  districts,  will  lead  to  results  both 
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interesting  and  valuable ;  for  instance,  investigations  have 
already  shown  that  while  in  some  rivers  the  temperature 
was  increased  by  the  rainfall,  in  other  rivers  the  opposite 
condition  obtained. 

Several  other  of  these  Research  Committees  might,  I  feel 
sure,  be  aided  by  some  of  the  members,  if  they  will  only  try 
and  make  use  of  the  opportunities  which  must  occasionally 
present  themselves.  For  example,  borings  for  water  are 
interesting  and  valuable,  not  only  for  the  analyses  of  the 
waters  obtained,  but  also  for  the  characters  of  the  beds 
passed  through ;  the  effect  of  rainfall  upon  these  under- 
ground supplies  is  also  weU  worth  studying  and  registering. 

Then  there  are  the  questions  of  underground  temperature, 
and  those  imperceptible  vibrations  of  the  earth's  surface 
called  earth  tremors,  both  of  which  subjects  seem  naturally 
to  come  within  the  scope  of  the  Society's  work.  Notes  on 
any  of  these  topics  would  form  suitable  and  welcome  com- 
munications to  the  Society,  the  results  of  which  would 
afterwards  be  forwarded  to  the  respective  committees  of  the 
Association  for  arrangement  and  comparison. 

Although  my  report  as  delegate  would  naturally  conclude 
with  these  references  to  the  doings  of  the  Corresponding 
Societies'  Committee,  I  may  perhaps  be  expected  to  say 
something  as  to  the  matters  discussed  in  the  section  devoted 
to  geology. 

My  remarks  will  be  brief,  as  but  few  of  the  papers  brought 
before  the  Section  need  specially  be  alluded  to,  many  being 
devoted  to  somewhat  technical  subjects,  and  only  interesting 
to  specialists. 

The  Section,  as  you  know,  was  presided  over  by  Professor 
James  Geikie,  F.R.S.,  the  well  known  glacialist  and  author 
of  the  "  Great  Ice  Age,"  who,  in  his  presidential  address, 
gave  a  resum^  of  the  facts  obtained  by  the  most  recent 
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workers  in  the  domain  of  glacial  geology,  both  Britisli  and 
Continental.  He  confirmed  and  maintained  his  views  that 
the  drift  deposits  of  our  island  and  the  continent  are  not 
iceberg  droppings,  as  averred  by  some  geologists,  but  are 
the  result  of  the  action  of  inland  or  land  ice. 

He  said  **  that  the  notion  of  a  general  ice  sheet  having 
covered  a  large  part  of  Europe,  which  a  few  years  ago  was 
looked  upon  as  a  wild  dream,  has  been  amply  justified  by 
the  labours  of  those  who  are  so  assiduously  investigating  the 
peripheral  area  of  the  great  northern  drift."  It  was  pro- 
bably owing  to  the  presence  of  so  eminent  an  authority  on 
glacial  phenomena  that  the  Section  had  the  treat  of  hearing 
our  townsman,  Mr.  H.  H.  Howorth,  M.P.,  dilate  on  the 
glacial  theories  of  Agassiz  and  other  extreme  glacialists, 
whose  arguments  and  theories  with  regard  to  a  Polar  ice- 
cap or  former  great  ice  sheet,  extending  over  a  large  part  of 
the  northern  hemisphere,  Mr.  Howorth  combatted  with  his 
usual  energy  and  offered  evidence  in  opposition,  which  he 
pronounced  overwhelming. 

Other  papers  perhaps  of  more  practical  interest,  were  those 
on  the  Cleveland  and  Durham  Salt  Industry,  the  Gold  Fields 
of  South  Africa,  and  the  several  reports  presented  by  the 
Research  Committees. 

The  area  of  the  salt  deposit  in  the  neighbourhood  of  the 
Tees  appears  to  be  restricted  according  to  the  results  of 
recent  borings  to  a  district  of  some  twenty  square  miles  in 
extent.  The  recent  boring  at  Seaton  Carew,  of  which  you 
have  had  the  details  previously  brought  before  you,  pix)ved 
to  be  outside  the  salt  basin.  The  exact  position  in  the  rocks 
of  these  salt  beds  gave  rise  to  some  little  difference  of 
opinion. 

Professor  Hull  stated  that  this  was  the  onlv  district  in 
the  British  Isles,  in  which  there  were  two  distinct  geological 
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horizons  for   salt   rock,  meaning,  I  presume,  the  Keuper 
division  of  the  Trias  and  the  Permian. 

"  Middlesborough  salt  rock,  he  said  was  found  in  the 
upper  division  of  the  Triassic  group,  which  was  the  division 
in  which  the  salt  rock  of  Cheshire,  Worcestershire,  Warwick- 
shire, Leicestershire,  and  all  other  salt-bearing  shires  was  to 
be  found." 

Mr.  De  Ranee,  on  the  other  hand,  said  the  salt  mesures 
of  the  Middlesborough  area,  were  all  in  one  horizon,  and 
of  Permian  age. 

The  boring  at  Seaton  Carew,  though  missing  the  salt  beds, 
gave  rise  to  some  hopes  that  the  coal  measures  had  been 
struck,  but  this  much  to  be  desired  result  owing  to  the 
stoppage  of  the  boring,  has  not  yet  been  proved.  Professor 
Hull,  in  the  discussion  of  this  paper,  spoke  as  to  the 
speculation  which  was  rife,  as  to  the  existence  of  a  con- 
cealed coal-field  between  the  southern  extremity  of  the 
Newcastle  district,  and  the  northern  extremity  of  the  York- 
shire coal  field,  and  said  that  he  had  seen  no  reason  yet  to 
depart  from  the  conclusion  which  he  had  formerly  come  to, — 
that  there  was  no  concealed  coal  field  existing  in  the  district 
in  question. 

An  interesting  paper,  on  the  Gold  Fields  of  the  district 
of  Johannesburg,  South  Africa,  which  are  at  present  exciting 
so  much  attention,  was  given  by  Mr.  E.  B.  Dorsey,  a 
practical  mining  engineer,  who  had  visited  South  Africa 
professionally.  He  describes  the  geological  formation 
whence  the  gold  is  derived  as  consisting  of  a  series  of  strata 
of  sandstone,  quartzite,  slate  and  conglomerate,  all  evidently 
deposited  quietly  by  water. 

It  is  in  the  beds  of  conglomerate,  composed  of  quartz, 
quartzite  and  sandstone  pebbles,  that  the  particles  of  gold 
are  found,  but  curiously  enough  the  gold  shows  no  sign  of 
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being  water- worn  like  the  material  of  which  the  stratum  is 
composed.  As  yet  no  fossils  have  been  discovered  from 
which  the  geological  age  of  the  formation  can  be  ascertained. 
Another  singular  circumstance  which  Mr  Dorsey  mentions 
with  regard  to  these  gold  bearing  rocks,  is  that  they  form 
a  basin  shaped  area  like  that  of  most  coal  basins,  and  that 
an  inferior  quality  of  coal  is  actually  found  within  200  yards 
of  workings,  on  the  Main  Reef,  which  produce  good  gold 
ore ;  and  he  says,  that  it  is  very  likely  that  ore  containing 
gold,  and  coal  for  fuel  to  crush  it,  will  yet  come  from  the 
same  shaft. 

The  reported  richness  of  the  mines  on  the  Main  Reef  of 
the  Johannesburg  district  is  fully  borne  out  by  the  evidence 
adduced,  and  thev  are  said  to  be  the  most  remarkable  and 
the  richest  continuous  series  of  gold  mines  in  the  world! 

I  have  selected  these  few  papers  out  of  the  many  brought 
before  Section  C,  as  of  more  general  interest  to  our  members, 
but  I,  perhaps,  ought  not  to  close  my  Report  without  some 
reference  to  Professor  Hull's  paper  on  "Our  Coal  Resources," 
which  was  read  before  Section  F  (Economic  Science  and 
Statistics),  wherein  he  dealt  with  the  output  of  British 
mines  from  the  commencement  of  the  century. 

The  Professor  said,  there  was  reason  for  believing  that, 
between  the  beginning  of  the  century  and  the  year  1875  the 
output  of  coal  had  more  than  doubled  itself  for  each  succes- 
sive quarter  of  a  century.  Since  the  year  1860,  in  which  he 
had  estimated  that  sufficient  coal  existed  to  a  limiting  depth 
of  4,000  feet,  to  last,  at  the  rate  of  production  for  that  year^ 
for  1,000  years;  the  available  quantity  of  coal  had  been 
reduced  by  3,650,000,000  tons ;  but  this  amount,  great  as  it 
was,  had  not  very  materiaUy  affected  our  coal  resources. 
After  considering  the  relation  between  coal  production  and 
the  development  of  the  iron  trade,  the  Professor  concluded 
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his  remarks  by  expressing  an  opinion  that,  while  the 
enormous  output  of  coal  during  the  past  few  years  had  not 
actually  crippled  our  resources,  yet  a  general  rise  in  the 
value  of  coal  must  ensue  in  the  near  future,  owing  to  the 
great  depth  at  which  the  mines  will  have  to  be  worked,  and 
the  increased  cost  of  coal-mining.  Referring  especially  to 
the  Northumberland  and  Durham  coal-field.  Professor  Hull 
said  there  was  no  sign  of  its  falling  ofi*,  despite  the  length 
of  time  it  had  been  worked. 

He  calculated  that  the  supply  of  this  field,  at  the  present 
rate  of  consumption  would  last  300  years. 

For  fear  of  unduly  lengthening  this  Report,  I  have 
restricted  my  remarks  to  a  few  only  of  the  interesting 
papers  that  might  have  been  mentioned,  selecting  those 
whose  subject  matter  was  in  relation  with  our  own  line  of 
work. 

My  main  object  in  presenting  this  Report  is  to  show  my 
fellow  members  how  vast  the  field  is  in  which  help  is 
wanted,  and  where  useful  work  may  be  done ;  and,  in  con- 
clusion, would  urge  upon  each  individual  member  to  ask 
himself  what  personal  assistance  he  can  offer  in  any  of  the 
scientific  investigations  now  being  carried  on  by  the  com- 
mittees of  the  British  Association. 

The  range  of  subjects  is  a  wide  one,  some  of  which  could 
be  materially  aided  without  much  effort  on  the  part  of 
members — such  as  those  pertaining  to  the  water  supply, 
temperature  observations  underground  and  on  the  surface, 
both  of  land  and  water,  distribution  of  erratic  blocks,  the 
fossil  flora  of  the  coal  measures,  the  collection  of  the 
photographs  of  interesting  geological  phenomena,  earth 
tremors,  &c.,  &c. 

Considering  coal-pits  as  storehouses  of  geological  facts, 
there  is  one  investigation  I  would  strongly  recommend  for 
your  consideration,  a  work  which  seems  specially  to  fall 
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within  our  province,  and  which  I  should  like  to  see  taken 
up  as  the  Society's  work^  and  that  is  a  thorough  examination 
of  the  fossil  fauna  and  flora  of  the  coal  measures  of  our 
district,  tabulating  the  fossils  carefuUj  bed  by  bed,  noting 
the  abundant  species  as  well  as  the  rarer  ones,  and  m^rlring 
any  that  are  typical  of  special  horizons. 

This  is  a  work  that  has  long  been  wanted  doing  for  our 
British  coal-fields  and  in  which  we  have  been  distanced  by 
continental  geologists. 

The  access  to  such  detailed  information  would  be  not  only 
Taluable  to  the  geologist,  but  would  often  be  of  incalculable 
benefit  to  the  owners  and  lessees  of  coal  mines,  as  it  would 
probably  enable  them  when  opening  new  mines,  to  fix  their 
horizon  and  identify  the  beds  passed  through,  by  the 
character  of  the  fossils  met  with. 

To  our  foreign  visitors,  evidence  such  as  I  have  indicated 
would  not  only  be  precious  but  actually  necessary  for  the 
correlation  of  widely  separated  coal-fields  and  for  the  correct 
estimation  of  their  relative  age. 

England  had  the  honour  of  the  visit  of  several  eminent 
foreign  geologists  last  year  at  the  International  Geological 
Congress  held  in  London  ;  one  of  whom,  Herr  D.  Stur,"*T;he 

• 

Director  of  the  Geological  Survey  of  Austria,  took  the 
opportunity  of  visiting  some  of  our  English  coal-fields '^d 
some  of  the  principal  museums,  one  of  the  latter  bein^our 
Manchester  Museum  at  Owens  College.  -^^- 


^ii*^ 


He  has  since  in  a  paper  published  in  ''Jahrbuch  der  A.  K, 
Oeolog,  Reichsamtalt,  1889,'^  embodied  his  views  oi;  the 
British  coal  plants  and  the  relative  age  of  our  different, coal- 
fields, as  compared  with  continental  ones,  especially  those 
of  the  Moravian,  Bohemian,  and  Silesian  areas;  but  one 
cannot  but  think  that  the  materials  at  his  disposal  must 
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hare  been  too  meagre  to  warrant  any  correct  or  definite 
conclusions,  when  one  is  aware  of  the  non-existence  of  the 
data,  from  which  only  reliable  deductions  can  be  drawn. 


Mr.  De  Range  said  he  should  like  to  move  a  vote  of 
thanks  to  his  friend  Mr.  Stirrup  for  his  report.  Being  a 
member  of  three  investigation  committees  of  the  British 
Association,  and  the  Secretary  of  two  of  them,  he  felt  sure 
that  all  of  them  were  very  much  obliged  to  Mr.  Stirrup 
for  the  care  and  consideration  with  which  he  had  worked 
that  report  out.  It  was  his  (Mr.  De  Ranee's)  privilege  to 
hear  the  papers  read  of  which  the  Honorary  Secretary  had 
given  them  an  abstract,  and  really  one  almost  felt  it  was 
hardly  necessary  to  have  all  the  trouble  and  care  of  attend- 
ing the  meetings  of  the  British  Association  in  person — 
when  one  could  have  a  prScis  put  before  one  in  half  an 
hour  in  the  admirable  way  that  Mr.  Stirrup  had  dene.  A 
fortnight  ago,  he  (Mr.  De  Ranee)  was  present  at  the 
Annual  Meeting  of  the  Yorkshire  Polytechnic  and  West 
Riding  Geological  Society,  and  had  the  good  fortune  to 
hear  an  exceedingly  good  address  from  the  President,  the 
Marquis  of  Ripon,  which  address  was  framed  almost  exactly 
on  the  same  lines  as  Mr.  Stirrup's  report :  he  set  forth  the 
great  value  of  the  work  that  might  be  done  by  the  members 
of  provincial  societies  who  had  opportunities  of  noting 
local  phenomena  and  working  one  with  another ;  and  they 
alone  could  give  that  accuracy  of  detail,  arising  from 
in^mate  knowledge  of  local  matters,  which  nobody  however 
er^^nent  or  industrious  who  came  down  for  a  short  time 
could  ever  hope  to  attain.  As  regarded  the  Underground 
Water  Committee  there  was  one  trifling  error  which  he 
would  like  to  mention.  Mr.  Stirrup,  in  giving  the  title  of 
that  committee,  gave  it  as  it  was  in  1874,  when  the  committee 
was  constituted  at  the  Belfast  meeting  *'  to  inquire  into  the 
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waters  of  the  ..Ifew  Bred  Sandstone  and  Permian/'  In 
subsequent  years  the  scope  of  the  inquiry  was  enlarged 
by  the  Council  of  the  Association,  and  it  was  made  to 
include  the  cretaceous  and  other  beds,  and  now  their 
function  was  to  inquire  into  the  waters  of  all  the  "  pervious 
rocks  of  England  and  Wales."  It  therefore  included  the 
millstone-grit  and  coal- measures,. and  he  need  not  say  how 
thankful  the  committee  of  inquiry  would  be  for  information 
as  to  the  quantity  or  quality  of  water  in  those  formations, 
or  indeed  any  formation.  One  of  the  queries  they  circulated 
was :  "  Have  any  brine  springs  or  brackish  waters  been  met 
with  P  '*  Into  that  matter  he  would  not  then  enter,  further 
than  to  remind  the  Society  that  two  years  ago  he  laid  before 
them  the  results  which  had  been  obtained  up  to  that  date, 
showing  that  brine  did  occur  very  frequently  in  the  coal 
measures  of  this  country.  Information  on  these  points 
would  be  exceedingly  valuable,  because  they  not  only  wanted 
to  know  where  they  should  sink  for  fresh  water,  but  also 
they  wanted  to  know  where  not  to  sink,  so  that  they  might 
not,  after  much  expense,  get  something  they  did  not  want. 
One  piece  of  information  which  he  heard  that  morning  bore 
on  the  salt  question  in  the  Middlesborough  district ;  to  the 
effect  that  the  boring  on  the  preceding  day  reached  the 
rock  salt,  at  a  point  the  most  easterly  of  any  borings  in 
that  district.  In  that  boring  between  Redcar  and  Middles- 
borough,  they  passed  through  the  Lias  and  the  whole  series 
of  underlying  beds,  and  came  upon  the  rock  salt  at  a  depth 
of  more  than  1,600  feet. 

He  moved  that  a  vote  of  thanks  be  given  to  their  laborious 
Secretary,  Mr.  Stirrup,  for  the  very  valuable  report  he  had 
laid  before  them. 

The  motion  was  seconded  and  passed  imanimously. 

This  concluded. the  business  of  the  meeting. 


TRANSACTIONS 

OF  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  XIV.  Vol.  XX.  Session  1889-90. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  December  10th,  1889,  at  the  Rooms  of  the  Man- 
chester Literary  and  Philosophical  Society,  George  Street. 

The  President,  Henry  Hall,  Esq.,  in  the  C}iair. 


NEW  MEMBERS. 


The  following   gentlemen   were   balloted   for  and  duly 
elected  Ordinary  Members  of  the  Society : — 

Charles    H.    Higson,    Mining    Engineer,    The    Park 

Collieries,  Wigan. 
John  Robinson,  Mining  Engineer,  Haydock  Collieries, 

St.  Helens. 
James  Hacking,  Bolton  Road,  Darwen. 
John  Iles,  39,  Albert  Road,  Blackpool. 
Rowland    Gascoyne,    11,    Trafalgar    Square,    Ashton- 

under-Lyne. 


Mr.  Mark  Stirrup  (Honorary  Secretary)  reported  that 
he  had  received  from  M.  Brongniart,  of  Paris  (an  Honorary 
Member  of  the  Society),  a  valuable  monograph  on  the 
Fossil  Fishes  of  the  Commentry  Mine,  near  St.  Etienne, 
which  M.  Brongniart  asked  him  to  present  to  the  Society  in 
his  name.     He  had  also  the  pleasure  to  present  on  behalf  of 

24 


408 

the  author,  M.  E.  A.  Martel,  several  publications  on  the 
Region  of  the  Gausses  and  their  subterranean  waters,  in 
the  departments  of  Loz^re  and  Aveyron,  Southern  France. 
The  thanks  of  the  Society  were  voted  .to  the  respective 

donors. 

*  »  — 

The  following  are  the  recent  additions  to  the  Library  :— 

Belfast  Natural  History  and  Philosophical  Society :  Report  and  Proceed- 
ings for  Session  1888-9. — From  the  Soeifty, 

Chesterfield  and  Midland  Counties  Institute  of  Engineers :  TransactioxiB, 
Part  6,  Vol.  XVII.— -From  the  Institute, 

Cornwall,  Royal  Institution  of :  Journal,  Part  4,  Vol.  IX. — From  the  Council, 

Essex  Naturalist:  Nos.  1-9,  Vol.  III.,  1889.— J'rofii  the  Essex  Field  Club. 

Leicester  Literary  and  Philosophical  Society :  Transactions,  Part  12, 1889, 
Part  1,  Vol.  II,— From  the  Society, 

Liverpool  Geological  Society :  Proceedings,  Part  1,  Vol.  VI. — F^rom  the 
Society, 

Science  Students*  Association :    Proceedings  and  Report,  1888-9. — 

From  the  Association, 
London  Geological  Society:    Quarterly    Journal,    Nos.    179-180,    VoL 
XLV.     List  of  Geological  Society  of  London,   November, 
1889.— From  the  Society. 

Geologists*  Association :  Proceedings,  Nos.  4-6,  Vol.  XI. — From 

the  Association. 

Geological  Magazine :  Nos.  303-6,  Vol.  VI.,  ISS9.— Purchased. 

■  Institute  of  Mechanical  Engineers :    Proceedings,  No.  2,  1889. — 
From  the  Institute, 

Iron    and    Steel    Institute:     Journal,    No.   1,    1889. — From  the 

Institute. 

Royal  Society :  Proceedings,  Parts  282-283,  Vol.  XLVl,— From 

the  Society, 
Manchester  Association  of  Engineers :   Two  Pamphlets. — From  the  Asse- 
ciation. 

Microscopical  Society :  Annual  Report,  1888. — From  the  Society. 

Midland  Institute  of  Engineers:   Transactions,  Part  104,   Vol.   XII.— 

From  the  Council, 
Newcastle-upon-Tyne,    North   of   England    Institute   of   Mining    and 

Mechanical  Engineers :  Transactions,  Part  3,  Vol.  XXXVIII. — .FViom 

the  Institute, 
Scotland,  Mining  Institute  of  Scotland:  Transactions,  Parts  4-6,  VoL 

XI.    Report  of  Committee  on  Coal  Cleaning,  1 889.— jFVom  the  CoundL 
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Southampton,  Hampshire  Field  dub:  Papen  and  Proceedings,   No.  8, 

1889.— fVofff  ths  Club, 
South  Wales  Institute  of  Engineers  :  Proceedings,  Part  4,  Vol.  XYI. — 

From  the  ImtiluU, 
Warwickshire  Natujalists'   Field  Club :    Proceedings,   1888.— ^om   the 

Club, 
List  of  Mines  worked,   1888 ;  List  of  Plans  of  abandoned  Mines,  1889  ; 

Mineral  Statistics  of  the  United  Kingdom  for  year  1888 :  Report  of 

Joseph  Dickinson,  Esq.,  for  year  1888,  Manchester  District. — Pre' 

iented  by  Joseph  Dickinson^  Esq, 
Report  of  Mine  Inspector*   South  Western  District,   1888.     By  J.  8. 

Martin,  Esq. — From  the  Author, 
Irish  Mar'bles  and  Limestones.     Pamphlet  by  G.  H.  Kinahan. — Firom  the 

Author. 
Probable  Cause  of  the  Displacement  of  Beach'  Lines.     Second  Note.     By 

A.  Blytt.     Pamphlet. — From  the  Author. 
Note  on  Qlacial  Geology  of  Loch  Sween,  Argyllshire.     By  H.  W.  Cross- 
key,  LL.D.,  F.G.8.    Pamphlet —JVom  the  Author, 
Owens  College  Calendar,  Session  1889-90. 
Public  Libraries  and  Museum  of  Bradford :  Nineteenth  Annual  Report, 

1889. 

Organization  of  the  FossQ  Plants  of  the  Coal  Measures.  Part  16.  By 
Prof.  W.  C.  Williamson.— iVw^ito*  by  the  Author. 

Flaune  Ichthyologique  des  Mines  de  Houille  de  Commentry.  Part  1.  By 
Chas.  Brongniart,  F.E.S. — Preeented  by  the  Author, 

Sous  Terre — Auvergne  et  Cevennea — Les  Aiguilles  du  Gouter  et  d' Argen- 
tine.—La  Region  des  Gausses— Sous  Terre  et  sur  Mer — Deux  Ascen- 
sions dans  le  Massif  du  Mont  Blanc.  3  Eztraits  du  Bulletin  de  la 
Soc.  G^l.  de  l^Vance. — 4  Eztraits  des  Comptes  Rendus  de  l*Acad. 
des  Sciences.  Region  des  Gausses  (Soo.  de  Topog.) — Sundry  Fam- 
phlets  presented  by  the  Author^  B,  A.  Martel,  per  M.  Stirrup. 

Salt  Making  Processes  in  the  United  States.  By  Thos.  M.  Chatsrd. 
Urao.  By  T.  M.  Chatard.  The  Determination  of  Water  and  Car- 
bonic Acid  in  Natural  and  Artificial  Salts.  By  T.  M.  Chatard. 
Analyses  of  Waters  of  American  Alkali  Lakes.  By  T.  M.  Chatard. 
Notes  on  Vale  of  Clwyd  Caves.  By  C.  E.  de  Ranee.  Age  of  the 
Clwydian  Caves.  By  C.  E.  de  Ranee.  Fifteenth  Report  of  Under- 
ground Water  Committee.  By  C.  E.  de  Ranee. — Freeented  by 
C,  B,  de  Ranee, 

Geological  Survey  Memoir,  Burnley  District.  Furduued, 

„  ,,  „  Blackpool  District.  „ 

,,  ,,  „  Bradford  and  Skipton.  » 
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(Geological  Survey  Memoir,  Bridlington  Bay.  PurektuML 

„  ,,  „  Chester.  ^ 

„  ,y  >,  Cleveland  (North).  ^ 

„  „  ,,  Derbyehire  (North).  „ 

„  „  „  Driffield.  „ 

Eskdale,  Roeedale 

Kendal,  Sedbergh,  Ac 

Lake  District  (North).  „ 

Malton  (96  SE.)  „ 

Northallerton  and  Thirsk. 

Nottingham  (2nd  Edition). 

Nottingham  &  Derbyshire. 

Nottingham,  Yorkshire,  and  ^ 

Derbyshire.  „ 
,,            ,,            ,,          Prescot,     Lancashire     (3rd 

Edition).  „ 

„  „  ,,  Scarborough.  „ 

„  ,,  ,,  Whitby  and  Scarborough.  „ 

„  ,»  ,,  York  and  Hull.  „ 

„  „  ,,  York  and  South  of  Malton.  „ 

„  ),  „  Holdemess.  „ 

Geology  of  London.     2  Vols.    By  W.  Whitaker,  F.G  8.— PureAiMwrf. 

Middle  Lias  of  Northamptonshire.    By  Beeby  Thompson,  F.G.S. — Pm-' 
chased. 

The  Bermuda  Islands.     By  Angelo  Heilprin. — Purchased. 

Canada,  Ottawa,  The  Canadian  Mining  Review,  Nos.  8-11,  Vol.  VIU. — 

From  the  Editor. 
"  Montreal,  New  Species  of  Fossil  Sponges.     By  Sir  J.  W.  Dawson, 

LL.D.,  &c. — From  the  Author, 

On  Fossil  Plants  from  Mackenzie  and  Bow  Rivers.     By  Sir  J.  W. 

Dawson,  LL  D.,  &c. — From  the  Author. 
— —  Geological  and  Natural  History  Survey  of  Canada :  Contributions 

to  Canadian  Palajontology,  Vol.   I.      By  J.   F.   Whiteaves, 

F.G.S.— /fwn  A.  R.  C.  Selwyn,  F.R.S.y  Director  of  the  Survey. 
U.S.A.,  Chapel  Hill,  Korth  Carolina :  Elisba  Mitchell  Scientific  Society 

Part  1,  Vol.  VI. — From  the  Soiiety. 

Harvard  College :  Bulletin  of  the  Museum  of  Comparative  Zoology 

Nos.  4-6,  Vol.  XVII. — From  AUxander  Agassiz, 

New  York,  American  Institute  of  Mining  Engineers:  TranBactions^ 

Vol.  XVII.— /'ram  the  Institute, 

Philadelphia.  Academy  of  Natural  Sciences :  Proceedings,  Part  I, 

1889. — From  the  Academy. 
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)Ui8.A.,  Philadelphia,  Journal  of  Franklin  Institute :  Nob.  765-768,  Vol. 
CXXVlll,—From  the  InstituU. 

Scranton,  Pa.,  The  Colliery  Engineer :  Nos.  2-6,  Vol.  X. — From 

the  Editor. 

India,  Galcatta,  Records  of  the  Geological  Survey  of  India :  Part  3,  Vol* 
XXII. — From  the  Government, 

Melbourne,   Geological  Society  of  Australasia:    Transactions,    Part  4, 
Vol.  I. — From  the  Society. 

Sydney,  New  South  Wales,  Department  of  Mines:  Annual  Report,  1888. — 
From  the  Oovernment. 

Geological  Survey  of  New  South  Wales :  Records,  Vol.  I.,  Part  2, 

1889. 

Report  of  Trustees  of  Australian  Museum,  1888. — New  South 

Wales,  1889.     Reports  on  Mining  Machinery  and  Treatment  of 
Ores. — From  the  Hon,  the  Minister  of  Mines. 

Victoria,   Gold   Fields  of :    Reports  of  Mining  Registrars,  March,  1889, 

June,  1889. — From  the  Government. 
Mineral  Statistics  of:  for  year  1888. — From  the  Government. 

Natural  History  of :  Prodromus  of  the  Zoology,  1889.     Decades 

\8'19.— From  Fred.  Me.Coy,  F.R.S. 

New  Zealand:  Report  of  the  Mining  Industry,  1889. — From  the  Govern- 
ment. 
Berlin,  Zeitschrift  der  Deutschen  G^logischen  G^esellschaft :    Heft  1-2, 
Band  XLI. — Fjiom  the  Society. 

Verhandlungen  der  Gesellschaft  fiir   Erdkunde:    No.   9,   Band 

XVI.— /Vom  the  Society. 
Brussels,  Society  Malacologique  de  Belgique :  Annales,  Vol.  XXIII.,  1888* 

Proc^-Verbaux,  July,  1888,  to  July,  1889. — From  the  Society. 
Buenos  Ayres,  Datos  Trimestrales  del  Comercio  Exterior :  No.  62,  1889. 

Estadistica  del  Comercio  e  Navigacion  de  Republica  Argentina,  1889. 

Censo  Municipal  de  Buenos  Aires  for  year  1887.— ^om  ths  Govern- 

ment. 
dhristiania,  Royal  University  of  Norway:  Lakis  Kratereog  Lavastromme. 

By  Amund  Holland. — From  the  University. 
Halle,  a/s,  Vereins  fur  Erdkunde :  Mittheilungen,  1889. — Firom  the  Society. 
Kazan,  Russia,  Society  of  Naturalists  of  the  University  of  Kazan :    Pub- 
lications, Parts  1-3  and  5,  Vol.  XIX. — From  the  Society. 
;Ijille,  Society  G^logique  du  Nord:    Annales  XV.,    1887-8.— i^om  tk$ 

Society. 
Naples,  Accademia  della  Sdenze  Fisiche  e  Matematidhe:    Rendioonti, 

Fasc  11-12,  Vol.  II.,  Series  2;  Fasc  1-6,  VoL  III.,  Series  2.— jRvm 

the  Academy. 
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PluiA.  Berne  de  le  Legislation  des  Mines:  July- August,  September- 
October,  ISSd.—Fkrekaaed. 

Roma,  Atti  della  Beale  Accademia  dei  Linoei :  Eendioonti,  Fasc.  9- IS, 
VoL  V.  ;  Fasc.  1-6,  Vol.  V.,  1889.     From  the  Academy. 

St.  Petersbonrg,  Institut  des  Mines,  Comite  G^logiqne :  Memoires,  Yd. 
III.,  No.  4.  Allegemeine  Geologische  Earte  von  Rossland:  Blatt 
139,  1889.  Vol.  VIII.,  No.  1,  1888.  Bulletins:  Nos.  6-10,  VoL 
Vn. ;  Nos.  1-5,  Vol.  VHI. ;  Supplement,  Vol.  VTH.,  1889.— J>«» 
the  Minister  of  Domains, 

Stockbolm,  Royal  Swedish  Academy  of  Sciences :  Publications,  Section  S. 
Mineralogy  and  Geognosy,  Vols.  XII-XITI. — From  the  Aeademy.' 


ALLEGED    RECENT    DISCOVERY    OF    A    FOSSIL 

FOREST  IN  SCOTLAND. 

By  Mr.   Mark  Stirrup,   F.Q.S. 


N 


About  two  months  ago  the  following  paragraph  went  the 
ronnd  of  some  of  the  newspapers : — 

**  A  Fossil  Forest  in  Scotland. — A  *  fossil  forest*  has  beendie^ 
covered  in  the  Muirhouse  Pit,  about  half  a  mile  to  the  East  of  Tranent, 
in  Scotland.  Thirty  or  forty  fossil  trunks  have  already  been  laid  bare, 
some  of  them  with  their  roots  entire,  others  broken  across.  They  are 
found  in  the  *  blaes '  a  layer  of  hard  clay  between  the  top  of  the  coal 
seam,  and  the  solid  stone  roof  of  the  galleries.  Most  of  the  specimens 
are  of  grey  freestone,  but  a  few  are  composed  of  *  blaes'  and  freestone 
in  alternate  layers.  One  of  the  trunks  unearthed  is  at  least  two  feet 
in  diameter.     How  far  the  ancient  forest  extends  is  as  yet  unknown." 

As  doubts  are  still  expressed  by  scientific  men  both  at 
home  and  abroad  as  to  the  existence  in  situ  (on  the  spot 
where  they  originally  grew)  of  trees  of  carboniferous  age> 
I  took  the  opportunity,  while  in  Edinburgh  last  month,  of 
finding  out  the  colliery  referred  to.  The  Tranent  collieries 
lie  10  to  12  miles  east  of  Edinburgh,  in  Haddingtonshire,  the 
nearest  railway  station  being  Prestonpans.  The  Muirpark 
pit,  where  the  fossils  were  found,  lies  a  little  outside  of  the 
town  of  Tranent. 
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The  pit  is  not  a  deep  one,  about  65  fathoms  in  depth. 
Two  seams  of  coal  occur,  one  8  inch,  the  other  4  feet  thick, 
the  latter  only  being  worked,  being  underlaid  by  a  stratum 
of  sand — or  free-stone.  A  bed  of  hard  clay  (fire-clay)  ranging 
in  places  from  10  inches  to  8  feet  thick,  separates  the  two 
seams. 

Thin  lenticular  beds  of  fine  sandstone  are  also  seen  from 
time  to  time  intercalated  in  the  clay  bed. 

It  is  in  the  side  walls  of  the  galleries  connecting  the 
different  parts  of  the  mine,  and  in  the  clay  bed  before 

mentioned,  that  the  so-called  fossil  forest  has  been  disclosed. 

» 

The  fossil  forest,  however,  turns  out  to  be  no  fossil  forest 
at  all,  and  the  statement  in  the  newspapers  that  some  of  the 
fossil  trunks  were  laid  bare  with  their  roots  entire^  others 
broken  across,  is  entirely  misleading  and  incorrect. 

In  none  of  the  several  parts  of  the  workings  that  I  visited, 
where  these  fossil  trees  occur,  was  there  any  portion  of  the 
trunks  seen  attached  to  their  roots ;  moreover,  the  overlooker 
or  tmderground  manager  who  accompanied  me,  said  that  he 
had  never  seen  a  single  instance  of  these  stems  connected 
with  the  roots,  so  as  to  suggest  that  they  might  have  grown 
on  the  spot. 

What  you  may  see  as  you  pass  along  the  workings,  are 
portions  or  fragments  of  numerous  casts  of  fossil  stems  in 
the  walls  of  the  galleries,  embedded  in  the  stratum  of  hard 
dark  coloured  clay  before  mentioned. 

Curiously  enough,  these  are  for  the  most  part  seen  to  be 
standing  erect,  that  is  to  say  at  right  angles  to  the  plane  of 
stratification,  not  planted  closely  together,  but  widely  dis- 
persed over  the  area  that  is  being  mined. 

These  casts  have  preserved  the  original  rotundity  of  the- 
trunk,  owing  to  having  been  filled  in  with  fine  sand,  similar 
in  character  to  that  which  forms  the  material  of  the  free- 
stone bands  which  occur  in  the  neighbouring  measures. 
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The  thickest  of  these  stems  is  not  more  than  20  inches  in 
transverse  diameter,  and  the  longest  of  them  does  not 
measure  more  than  2^  feet  in  height. 

That  these  fossils  are  only  fragments  of  tree  trunks,  and 
are  not  prolonged  upwards  into  the  roof  nor  downwards  into 
the  floor  of  the  mine,  is  a  fact  readily  demonstrated,  as  the 
termination  in  the  surrounding  matrix  of  both  the  upper  and 
lower  ends  is  distinctly  visible,  and  in  some  cases  the  superior 
extremity  is  partially  uncovered,  showing  the  kind  of 
material  by  which  the  hollow  stem  has  been  filled.  No  traces 
of  roots  could  be  seen  in  the  impure  coal  or  shaley  layer, 
which  in  some  cases  underlies  these  basts.  Whether  these 
fossils  are  the  remains  of  Sigillarian  or  Lepidodendroid  trees 
seems  difficult  to  determine,  seeing  that  the  external  mark- 
ings are  extremely  indistinct ;  the  thin  coating  of  coal  which 
often  surrounds  these  stems  being  in  many  cases  entirely  absent. 

What  markings  could  be  made  out,  either  on  the  cast  or 
the  mould,  seemed  to  be  Lepidodendroid  in  character. 

That  these  fossil  trees  were  not  in  the  place  where  they 
originally  grew  seems  abundantly  proved  from  the  facts 
which  I  have  stated,  yet,  that  they  could  have  drifted  from 
afar,  seems  also  doubtful,  seeing  that  the  fractured  stems 
presented  clean  broken  edges,  and  showed  few  signs  of 
abrasion  by  rolling.  The  evidence  then  points  to  growth  at 
no  great  distance  from  the  present  site.  As  the  trees  were 
in  process  of  decay,  they  were  probably  periodically  over- 
whelmed with  waters  heavily  charged  with  sandy  sediment, 
which  gradually  filled  the  hollow  trunk,  and  became  firm 
and  consolidated  within  the  external  vegetable  sheath. 

As  time  progressed,  this  vegetable  sheath  would  itself 
decay,  leaving  only  internal  casts  as  memorials  of  these 
ancient  monarchs  of  the  forest. 

Facts,  such  as  I  have  brought  before  you,  are,  I  am  aware, 
neither  singular  nor  new,  as  many  of  our  Lancashire  collieries 
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could  give  similar  evidence  with  regard  to  fossil  trees,  but 
when  these  Tranent  fossils  have  been  so  publicly  stated  to  be 
another  example  of  a  Fossil  Forest  in  Bitd,  I  thought  it 
desirable  to  give  the  result  of  my  visit  to  the  locality. 

Notwithstandipg  the  exclusion  of  this  instance,  Scotland 
probably  still  possesses,  in  what  has  been  called  the  "  Fossil 
Grove,"  at  Whiteinch,  near  Glasgow,  the  finest  example  of 
fossil  trees  in  situ  of  Carboniferous  age  that  Qreat  Britain 
at  present  can  show. 

Lancashire  at  one  time  had  that  pre-eminence  in  the  large 
fossil  trees  that  were  exposed  in  1839  near  Dixon  Fold 
Station,  on  the  Manchester  and  Bolton  Railway,  during  the 
making  of  the  line.  A  full  description  of  the  characters  of 
these  trees  was  given  by  Dr.  Bowman,  in  the  first  volume  of 
the  Manchester  Geological  Society's  Transactions ;  these 
specimens,  however,  though  partially  protected  from  the 
weather,  have  since  suffered  much  from  abrasion  and  natural 
delapidation  and  decay. 

The  discovery  of  the  "  Fossil  Grove,"  near  Glasgow,  was 
made  in  the  early  part  of  last  year,  during  the  laying 
out  of  some  land  at  Whiteinch,  which  had  been  obtaiued 
for  the  purposes  of  a  public  park. 

During  excavations  of  an  old  quarry  which  formed  part  of 
the  land,  nine  perfectly  rooted  trees  with  erect  stems  were 
uncovered,  and  these  all  standing  in  a  space  measuring  64 
feet  by  25  feet. 

They  have  been  described  by  Messrs.  Young  and  Glen,  in 
a  paper  read  before  the  Geological  Society  of  Glasgow,  in 
April,  1888,  which  is  printed  in  their  Transactions. 

I  was  glad  to  find,  on  my  recent  visit,  that  the  Park 
authorities  were  taking  the  praiseworthy  precaution  of  erecting 
a  substantial  building  over  these  fossil  stems,  thereby  pro- 
tecting these  interesting  relics  of  palasozoic  vegetation  from 
exposure  to  the  weather  and  consequent  injury  and 
destruction. 

24a 
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Mr.  Wild:  It  strikes  me  that  probably  a  little  closer 
observation  of  the  base  of  these  trunks  would  have  disclosed 
roots,  and  divisions  of  roots,  or  rootlets  in  the  shale.  I 
have  found,  in  those  we  have  had  bared  at  Bardsley,  that  we 
could  hardly  discover  the  swelling  out  of  the  four  primary 
divisions,  but  that  looking  carefully  it  could  be  seen  that  they 
were  pressed  into  a  thin  film,  with  stigmatic  punctures, 
trailing  away  right  into  the  roof.  The  reason  probably  is 
that  they  have  gradually  been  forced  down  by  the  superin- 
cumbent pressure,  and  having  been  broken  off  at  the  bottom 
of  the  trunk  the  extended  roots  cannot  be  found  unless  the 
roof  is  examined  very  carefully.  I  find  these  rootlets  have 
not  been  filled  in  with  the  same  material  as  the  trunk  ;  these 
are  merely  films  of  bark,  showing  punctures  above  and 
below — more  distinctly  above — and  I  think,  in  the  case 
mentioned  by  Mr.  Stirrup,  careful  examination  would  have 
shown  the  same  thing  to  exist. 

Mr.  Stirrup  ;  There  is  this  fact,  Mr.  Wild  seems  not  to 
have  noted,  that  we  could  see  the  bottom  of  the  fragment  of 
the  trunk,  as  well  as  the  top — and  we  could  see  its  whole 
extent  in  the  clay  bed — there  was  no  continuation  upwards 
or  downwards,  no  swelling  out  into  roots  whatever.  In  the 
roof  of  the  mine  were  evident  signs  of  drift  in  the  horizontal 
and  varying  position  and  direction  of  other  fossil  stems 
apparently  Lepidodendroid  in  character,  and  from  6  to  8  feet 
in  length,  but  these  were  all  crushed  and  flattened. 

Mr.  Wild:  I  remember  at  the  Ashton  Moss  Colliery 
seeing  several  trunks  which  were  just  swelling  out  at  the 
base,  showing  a  connection  with  the  thin  filaments  of  coal — 
swelling  out  and  then  flattening — but  the  rest  seemed  to  be 
cut  off  nearly  level,  but  just  in  the  same  horizon.  This,  I 
think,  must  have  been  owing  to  some  difference  in  the  decay 
of  the  roots,  for  they  are  cut  off  at  the  bottom  at  right  angles 
to  the  stem. 
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OK  THE  PROBABLE  AVERAGE  DEPTH  AT  WHICH  COAL 
IS  NOW  BEING  WORKED  IN  THE  BRITISH  ISLES. 

By  Prof.  Edward  Hull,  LL.D.,  F.R.S.,  Director  of  the 

Geological  Survey  of  Ireland. 

(Communicated  by  Mr.  Joseph  Dickinson,  F.G.S.) 


In  connection  with  the  question  of  the  progress  of 
exhaustion  of  our  coalfields,  there  is  a  point  of  much 
interest  which  could  only  be  successfully  dealt  with  by  the 
co-operation  of  mining  engineers  well  acquainted  with  the 
different  districts  where  coal  is  being  worked.  I  refer  to 
the  question  of  the  average  depth  at  which  coal  is  being 
extracted,  and  the  rate  at  which  that  average  is  increasing 
during  successive  intervals  of  say  twenty  or  twenty-five 
years. 

With  the  information  now  in  my  possession  I  cannot 
pretend  to  offer  more  than  a  very  general  answer  to  the 
question  of  the  average  depth,  and  it  is  tolerably  certain 
that  even  between  our  largest  and  most  important  coal-fields 
there  may  be  considerable  differences  in  the  average  depth 
of  coal-produce  in  each. 

The  question  is  not  to  be  solved  by  taking  the  depths  of 
the  deepest  and  of  the  shallowest  pits,  and  taking  the  mean 
proportional  between  them ;  for  we  must  recollect  that  the 
rate  of  out-put  from  shallow  pits  will  generally  be  very  much 
slower  than  from  deep  pits  ;  as,  owing  to  the  great  primary 
cost  of  the  latter,  they  can  only  be  made  ^  yield  a  profit 
after  a  large  quantity  of  coal  has  been  raised  and  disposed 
of ;  while,  on  the  other  hand,  a  comparatively  small  out-put 
will  suffice  to  keep  a  shallow  colliery  alive.  For  the  above 
reason  an  estimate  could  be  more  nearly  arrived  at  by 
supposing  the  average  depth  to  be  somewhat  greater  than 
that  between  the  shallowest  and  the  deepest  pits. 
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If  we  suppose  that  at  the  time  of  the  introduction  of  the 
steam  engine  into  coal  mining,  about  the  year  1820,  the 
average  depth  did  not  exceed  (q^p*)  one  hundred  yards,  owing 
to  the  necessity  of  employing  horse  power  for  winding  and 
pumping  and  if  we  were  to  assume  the  average  depth  at  the 
present  day  to  be  350-400  yards  (probably  a  near  approxi- 
mation) we  shoidd  be  able  to  determine  the  rate  of  increase 
of  average  depth  during  the  last  65  or  70  years.  Supposing 
the  rate  to  have  been  uniform  (which  it  imquestionably  was 
not)  the  increase  of  the  average  depth  would  have  been  at 
the  rate  of  4|  yards  per  annum,  or  90  yards  in  20  years. 
But  the  rate  of  increase  ought  to  be  represented,  not  by  a 
straight  line,  but  by  a  carve  corresponding  in  some  degree 
to  that  which  represents  the  progressive  rate  of  coal 
production  from  the  beginning  of  the  century  to  the  present 
time. 

The  fact  that  more  than  one  seam  of  coal  is  worked 
in  a  coal-district  somewhat  complicates  the  proolem  here 
presented,  and  for  the  sake  of  simplicity  it  might  be  stated 
as  "  The  depth  from  which  the  maximum  quantity  of  coal  is 
raised.''  Now  this  could  be  determined  if  we  had  before  us 
the  depths  of  all  the  coal  pits,  or  their  workings  and  the 
output  from  each  particular  seam  ;  but  this  could  not  be 
obtained  without  investigation  into  details  which  proprietors 
might  not  wish  to  have  revealed,  and  which  we  should  have 
no  right  to  demand.  There  could  be  no  objection,  however, 
as  it  seems  to  me  to  the  disclosure  of  the  depth  of  all  the 
pits  in  a  coal-district  and  the  name  of  the  seam  worked ;  in 
fact,  these  details  are  generally  fully  known ;  and  if  we  take 
these  details  as  a  sufficiently  close  approximation,  and  make 
a  correction  for  the  cause  indicated  above,  we  may  come  to 
a  tolerably  close  approximation  as  regards  the  average  depth. 

Such  details  regarding  the  great  coalfield  of  Yorkshire, 
Derbyshire,  and  Notts  have  been  furnished  to  me  by  my 
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friend  Mr.  J.  T.  Boot,  Mining  Engineer,  of  Mansfield,  and 
from   a   comparison   of   the   depths   I   have   obtained   the 
following  results,  which  may  not  be  without  interest : — 
Deptbs  of  Collieeies  in  the  Counties  of  York,  Dekbt,  and  Notts. 


Yds. 

Collieries. 

Yds. 

Oollieriei' 

Between 

0  and    60 

..     ♦$ 

Between  300  and  360 

..     8 

60    „    100 

..  ♦H 

350    „    400 

..     2 

100    „    150 

..  ♦SI 

400   „    460 

..     2 

160    „    200 

..     21 

450    „    600 

..     5 

200    „    260 

..     14 

600    „    650 

..     4 

250    „    300 

..     10 

650    „    700 

..      1 

Mr.  Boot  states  that  in  any  estimate  as  to  the  average 
depth  of  mining  the  shallow  pits  ought  not  to  be  taken  into 
account ;  some  of  them  not  being  even  at  work.  If  then 
we  disregard  all  the  pits  under  100  yards,  and  assume  that  the 
output  of  the  deeper  pits  (say,  those  over  250  yards)  is  about 
double  that  of  the  shallower  (under  250  yards)  we  shall 
find  that  the  maximum  output  will  be  at  a  depth  of 
about  250  yards,  there  being  66  collieries  above  that  line 
and  32  below.  I  think  250  yards  is,  in  all  probability,  a 
close  approximation  for  this  great  coalfield,  considering 
that,  owing  to  a  general  low  dip  of  the  beds,  and  the 
occurrence  of  local  flexures  (forming  synclinal  and  anti- 
clinal curves),  the  seams  remain  at  comparatively  shallow 
depths  over  large  areas. 

As  regards  the  Lancashire  and  Cheshire  coalfield, 
including  that  of  Burnley,  I  feel  satisfied  from  my  own 
knowledge  that  the  case  is  different,  and  that  a  depth  of  250 
yards  would  by  no  means  represent  the  average  for  coal 
production.  Perhaps  some  member  of  the  Society  would 
endeavour  to  work  the  question  out  for  this  district  on  the 
principle  I  have  adopted  above  for  the  Yorkshire  and 
Derbyshire  district ;  or  upon  some  more  reliable  data.  On 
the  whole  I  am  of  opinion  that  a  depth  of  350  to  400  yards 
would  represent  more  nearly  that  here  under  discussion. 

*  Some  of  these  not  at  work. 
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As  regards  other  coalfields,  those  of  Newcastle,  Central 
Scotland,  Staffordshire,  and  South  Wales  are  the  most 
important ;  and,  as  far  as  my  information  extends,  I  am  led 
to  believe  that  a  similar  depth  (that  of  350  yards)  represents 
that  from  which  the  maximum  quantity  of  coal  is  now  being 
raised. 

In  conclusion,  I  would  venture  to  urge  on  Her  Majesty's 
Inspectors  of  Mines,  and  especially  on  Mr.  Dickinson,  the 
importance  of  taking  up  this  problem  with  reference  to  each 
of  the  coalfields  under  their  charge ;  as  by  such  determina- 
tions we  shall  arrive  at  a  truer  knowledge  of  the  progress  of 
the  exhaustion  of  our  coalfields  than  by  any  other  method. 

The  thanks  of  the  meeting  were  given  to  Professor  Hull 
for  his  valuable  paper. 

Mr.  Burrows  :  I  think  Her  Majesty's  Inspectors  have  the 
depths  of  each  pit  and  the  quantity  of  coal  raised,  and  if  the 
information  is  wanted  for  any  special  purpose,  the  facts  are 
there — it  is  only  a  question  of  striking  an  average. 

Mr.  Dickinson  :  Perhaps  I  might  say,  Mr.  President,  I 
have  had  this  subject  under  my  consideration,  but  I  have  not 
quite  seen  my  way  clearly  how  to  frame  an  accurate  table. 
In  the  first  place,  if  you  go  back  to  the  early  accounts  of  the 
production  of  coal  in  this  Kingdom  they  are  very  unreliable. 
Many  of  them  were  framed  simply  on  supposition,  there 
were  no  actual  returns.  If  you  go  back  to  the  commence- 
ment of  the  inspection  of  mines  some  tolerably  accurate 
returns  were  obtained.  There  were  also  annual  statistics 
published  by  the  late  Mr.  Robert  Hunt,  they  were  tolerably 
reliable,  but  could  not  be  said  to  be  strictly  accurate.  He 
issued  circulars  to  all  coal  owners,  and  those  who  thought 
fit  to  reply  did  so,  but  about  one-third  did  not  do  so, 
and  quantities  had  to  be  assumed.  Now,  since  Acts  of 
Parliament  have  made  these  returns  compulsory  we  have 
reliable  statistics  through  the  Inspectors  of  Mines ;  and  so 
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far  as  these  extend  back  the  quantities  are  reliable,  but 
do  not  give  the  depths  at  which  the  coal  is  worked.  We 
have,  as  Mr.  Burrows  said,  returns  of  the  depths  of  every 
pit  in  the  Kingdom,  but  as  Mr.  Hull  points  out  that  seams  are 
worked  in  the  same  shaft  at  different  depths.  There  is  one 
difficulty.  But  I  do  not  think  it  is  the  greatest  difficulty  ; 
there  is  the  difficulty  arising  from  the  inclination  of  the 
strata,  which  is  far  greater.  I  could  cite  instances  in  this 
very  district  of  Manchester  where  the  coal  in  the  same  pit, 
and  in  the  same  seam,  is  actually  being  worked  where  the 
highest  part  of  the  working  is  400  yards  higher  vertically 
than  the  lower  part.  You  could  not  expect  coal  owners 
to  give  you  the  returns  of  quantities  got  from  each  50 
yards  of  such  depths.  It  could  not  be  done  with  accuracy. 
We  could  take  the  depths  of  the  pits,  and  assume  that  all 
the  coal  got  from  those  pits  was  worked  at  that  depth 
from  the  surface,  which  would  roughly  average  the  coal 
worked  on  the  rise  with  that  worked  on  the  dip.  The 
Belgian  reports  for  1888,  give  such  an  account  for  every 
100  metres  in  depth,  and  they  begin  first  with  all  the  coal 
worked  at  less  than  100  metres,  and  then  go  on  giving 
the  quantity  between  each  successive  hundred  up  to,  I  think, 
1000  metres.  The  system  of  work  in  Belgium  enables  the 
quantity  got  from  respective  depths  to  be  ascertained  with 
great  accuracy,  as  the  pits  are  sunk  only  a  certain  number 
of  metres  each  time,  and  then  the  coal  between  that  and  the 
former  working  is  worked  ofi*.  With  regard  to  the  intro- 
duction of  the  steam  engine  in  mining,  I  would  like  to  say 
that  Mr.  Matthias  Dunn,  in  his  work  on  the  Winning  and 
Working  of  Collieries,  quoting  from  Mr.  Hudson's  History 
of  Northumberland,  says :  "  The  first  steam  engine  was 
erected  at  Byker  in  1714,  and  that  after  Beighton's  inven- 
tion in  1718,  by  which  the  vacuum  was  made  to  work 
automatically  instead  of  by  hand,  the  erection  of  engines 
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became  general  througbout  tbe  Nortbem  District,  and  that 
at  Whitehaven,  so  early  as  1776,  one  was  placed  under- 
ground at  a  depth  of  160  yards." 

Mr.  Burrows  :  The  engines  referred  to  were  for  pumping 
purposes  perhaps. 

The  President:  I  do  not  quite  glean  from  tbe  paper 
what  would  be  the  value  of  the  statistics  when  you  have  got 
them.  I  think  it  would  be  possible  to  get  statistics  of  that 
kind  without  much  difficulty.  It  would  be  easy  to  make  out 
what  proportion  of  coal  had  been  worked  lower  than  a  certain 
depth  during  the  last  20  years,  and  to  show  how  that  pro- 
portion increases  from  year  to  year.  But,  as  I  said,  I  do  not 
quite  see  the  value  of  the  statistics  when  you  have  got  them. 
What  bearing  have  they  ? 

Mr.  Dickinson  :  At  our  last  meeting,  Mr.  President,  you 
gave  us  a  paper  on  the  probable  duration  of  our  coal  supply, 
and  you  asked  a  question  as  to  whether  some  assumed  depths 
at  which  it  was  said  coal  could  be  worked,  were  really 
practicable.  Professor  Hull  thinks  it  would  be  very  desirable 
if  we  could  ascertain  the  rate  at  which  we  are  approaching 
to  those  depths,  some  of  which  you  thought  were  impracticable* 

The  President  :  Well,  it  has  a  certain  bearing  in  that 
direction.  But  it  would  be  quite  easy  to  get  these  statistics, 
I  think. 

Mr.  Dickinson  :  It  would  be  quite  easy  to  get  them,  so 
far  as  the  depth  of  the  pits  is  concerned,  but  where,  owing  to 
the  dip,  the  coal  varies  as  much  as  400  vertical  yards  in 
depth,  and  all  worked  from  the  same  shaft,  you  could  not 
separate  that  worked  in  the  shallower  from  that  in  the 
deeper  parts. 

The  President  :  You  want  to  make  out  at  what  rate 
deep  mining  is  increasing — that  is  the  object,  as  I  take  it, 
of  what  Mr.  Hull  asks.  Well,  you  can  do  that  by  ascertaining 
what  quantity  of  coal  was  brought  from  below  500  yards 
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10  years  ago,  and  how  much  that  quantity  has  been  increased 
up  to  the  present  time ;  you  could  get  an  average  in  that 
way  and  it  would  show  the  rate  of  increase  at  the  lower  depth. 

A  Member  asked ;  How  would  they  get  the  back  dates  ? 

The  President  :  These  have  been  returns  made  to  the 
inspectors  for  10  or  20  years  back — not  from  individual 
seams,  but  from  the  whole  of  the  workings  in  particular  pits. 

Mr.  WiNSTANLEY :  There  are  persons  present  who  can 
corroborate  what  Mr.  Dickinson  has  stated  :  the  workings  are 
on  a  level  with  the  pit,  and  in  some  cases,  800  or  1,000  yards 
down  brow,  where  there  may  be  an  inclination  of  one  in  three. 

The  President  :  400  yards  below  the  depth  of  the  pit. 

Mr.  WiNSTANLEY :  About  400  yards  vertically  below  the 
depth  of  the  pit. 

Mr.  PiLKiNGTON  said  he  did  not  quite  see  the  practical 
use  of  the  statistics  asked  for  by  Mr.  Hull.  It  depended  on 
the  quality  of  the  coal  at  given  depths  whether  it  was  gotten 
or  not.  If  there  was  much  left  it  would  be  because  it  was 
not,  at  existing  prices,  worth  getting.  There  were  mines  in 
their  district  not  gotten  simply  because  they  were  not  worth 
getting.  Many  years  hence,  when  coal  becomes  more 
valuable,  they  would  be  worth  getting.  They  were  shallower 
than  many  now  being  gotten. 

Mr.  Watts  referred  to  mines  which  he  said  had  been 
re-opened  for  the  purpose  of  getting  coal  that  had  been  left 
in  previously.  The  lower  coal  seams,  as  they  all  knew,  were 
very  thin ;  still  manufacturers  in  the  district  referred  to 
found  it  to  their  interest  now  that  an  advance  in  price  had 
taken  place  to  open  out  these  shallow  mines.  With  reference 
to  the  inclination  of  the  strata,  it  seemed  to  him  not  an  im- 
practicable thing  if  a  proper  survey  were  made,  to  show  the 
quantity  of  coal  extracted  at  each  pit.  Contour  levels  could 
be  taken  and  an  average  could  be  made  of  the  quantity 
extracted. 
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Mr.  Wild  said  it  seemed  to  him  that,  owing  to  the 
tendency  to  select  central  situations  for  shafts,  it  would  be 
almost  sufficient  to  take  the  depths  of  the  pits  as  an  average 
for  the  coal.  There  were  many  deep  dip-workings  in  the 
oountry,  as  they  all  knew,  but  they  generally  took  to  the 
rise,  and  he  did  not  expect  the  dip  coal  to  be  greater  than 
the  rise. 

In  the  course  of  further  conversation  the  President 
suggested  that  the  question  might  be  introduced  for  further 
discussion  at  the  Wigan  meeting  in  January. 

Mr.  Grukdy  expressed  the  opinion  that  it  was  a  question 
which  might  be  entrusted  to  a  small  committee,  to  collect 
information  and  report  upon. 

Mr.  Dickinson  :  My  own  opinion  is  that  the  Inspectors  of 
Mines  are  the  people  to  do  it,  if  it  is  to  be  done  properly. 
They  have  the  actual  quantities  sent  to  them;  those  quantities 
are  confidential,  and  can  only  be  published  in  such  a  form  that 
the  produce  of  any  one  colliery  cannot  be  ascertained; 
but,  if  the  depth  of  the  shaft  may  be  taken  as  the  basis, 
the  quantities  from  the  respective  depths  might  be  averaged 
without  divulging  any  individual  return. 

Mr.  Stirrup:  I  suppose  Professor  Hull's  object  is  to 
ascertain  the  rate  of  exhaustion  of  our  workable  seams  of 
coal — that  is,  in  fact,  to  ascertain  the  probable  duration  of 
our  coal  supplies.  That  is  really  the  same  question  as  our 
Pi*esident  brought  forward  in  his  address.  I  dare  say  if 
Professor  Hull  had  these  facts  before  him  they  might  be  of 
service  in  the  calculation. 

Mr.  Dickinson  :  I  wish  Mr.  Hull  had  been  here  to 
explain  his  own  views.  Most  of  you  will  know  that  he 
added  the  Geology  to  the  Ordnance  Map  of  Lancashire, 
and  the  subject  is  one  in  which  he  has  taken  a  considerable 
amount  of  interest.  I  think  it  was  at  the  Manchester 
meeting  of  the  British  Association  that  he  gave  us  diagrams 
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of  principal  coal  fields,  showing  the  depths  by  contour  lines 
in  the  respective  basins. 

Mr.  Grundy  :  It  appears  the  object  is  to  find  out  the  rate 
of  exhaustion  at  different  depths. 

Mr.  Stirrup:  The  rate  of  exhaustion  of  the  workable 
seams — those  that  are  likely  to  he  able  to  be  worked  either 
at  the  present  price  or  future  prices,  till  Nature  steps  in  and 
puts  a  stop  to  your  operations — unless  a  capable  engineer  can 
discover  a  means  of  ventilating  mines  at  very  much  greater 
depth  than  at  present. 

Mr.  Dickinson  :  I  was  at  the  bottom  of  a  deep  mine  last 
month — 1020  yards  in  vertical  depth  below  the  surface — 
and  I  did  not  find  the  temperature  unpleasant.  It  was^ 
I  think,  about  82  degrees. 

Mr.  Burrows  :  I  fancy  a  more  important  element  than 
the  temperature  would  come  in,  that  is — the  pressure  of  the 
atmosphere  upon  the  tissues  of  the  body.  People  work  in 
other  trades,  in  iron  works  for  instance,  and  in  cottton  mills 
when  the  gas  is  lit,  at  a  temperature  of  as  high  as  96.  Of 
course  they  perspire,  but  they  feel  no  ill  effects.  But  under 
ground  I  have  always  thought  that  men  get  more  tired  and 
perspire  more  freely  on  account  of  the  extra  atmospheric 
pressure  to  which  their  bodies  arc  subjected — the  greater 
strain  on  their  tissues. 

Mr.  Dickinson:  In  going  down  these  deep  shafts,  the  only 
thing  I  feel  is  a  little  sensation  in  the  ears  and  that  is  only 
for  a  few  seconds. 

Mr.  Burrows  :  You  may  not  feel  it,  but  you  would  not 
do  as  much  labour  in  such  a  mine  as  in  one — say  50  yards 
deep. 

The  President  :  Was  the  place  where  the  temperature 
was  82®  a  part  of  the  mine  recently  opened  ? 

Mr.  Dickinson  :  It  was  in  the  face  of  long  wall — 1,020- 
yards  in  vertical  depth. 


1 


426 


PEMBROKESHIRE  AS  A  FIELD  FOR  THE 
STUDY    OF    GEOLOGY. 


With  Map  of  the  Dittrict.  • 


By  Mr.  H.  W.  Williams,  FG.& 


(Communicated  by  Mr.  Mark   Stirbup,  F.G.S.) 


The  British  Isles  contain  examples  of  all  the  rocks  to  be' 
found  within  the  limits  of  the  European  Continent,  and 
perhaps  no  area  within  the  limits  of  the  British  Isles  forma 
so  diversified  a  field  for  the  student  of  geology  as  does  the 
County  of  Pembroke.  But  because  of  the  remoteness  of 
this  county  from  places  where  scientific  societies  and  clubs 
are  established,  it  is  to  many  students  a  terra  incognita,  and 
but  little  is  known  of  its  special  geological  features. 

This  paper  is  undertaken  with  the  view  of  bringing  the 
district  under  the  notice  of  students,  and  to  show  them  by  a 
brief  sketch  where  unusuallv  clear  sections  of  the  older 
rocks  may  be  seen,  where  detail  can  be  studied,  and  where  a 
thorough  knowledge  of  the  rocks  foiTning  the  lower  systems 
may  be  obtained. 

Along  the  line  of  coast  from  Forth  gain  (where,  by  the 
way,  Manchester  men  are  engaged  in  wresting  treasures  from 
the  rocks)  to  Tenby,  we  have  a  range  of  strata  extending 
from  the  Archaean  to  the  top  of  the  coal  measures, 
with  here  and  there  patches  of  Pleistocene  and  Recent. 

It  will  be  unnecessary  to  point  out  at  length  what  a  large 
and  interesting  and  important  part  of  the  Earth's  crust  these 
rocks  form.  The  range,  indeed,  is  so  great  that  it  will  be 
convenient  for  the  present  to  confine  our  attention  to  the 
older  rock-formations,  the  Archa)an,  the  Cambrian,  and  the 
Lower  Silurian,  leaving  the  higher  rocks  to  be  dealt  with  at 
some  future  time. 
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The  St.  David's  district,  which  is  the  area  referred  to, 
contain  the  following  groups  or  sub-divisions,  named  in 
ascending  order : — 

The  Dimetian,  a  granitoid  rock. 

The  Arvonian,  composed  of  halleflintas  and  quartz-felsites 
and  breccias. 

The  Pebidian,  composed  of  agglomerates,  breccias,  and 
porcellanites,  felsitic  tuffs,  quartz-felsite  breccias  and 
sheets,  diabase  breccias  and  sheets,  and  purple  and  green 
schistose  breccias. 

These  together  form  the  local  Pre-Cambrian  series. 

The  Carfai  Group,  including  the  basal  conglomerate  of 
the  Cambrians,  green  and  red  shales,  and  purple  grit  and 
sandstone. 

The  Soha  Gh'oup,  of  purple,  red,  and  grey  grits,  and  flags 
and  shales. 

The  Menevian  Ghroup,  dark  slates  and  flags. 

The  MaenUorog  Group,  of  slates,  flags,  and  sandstones. 

The  Ffestiniog  Group,  grey  arenaceous  and  micaceous  flags. 

The  Dolgelly  Group,  soft  black  slates  and  shales. 

The  Tremadoc  Group  of  dark  slates  and  flaggy  sand- 
stones. 

Tliese  form  the  local  Cambrian  series. 

The  Arenig  Group,  slates,  flags,  and  sandstones. 

The  Llanvrin  Group,  grey  flags  and  black  slates. 

The  Llandilo  Group,  calcareous  shales,  slates,  flags,  and 
sandstones. 

These  form  the  Ordovician,  or  Lower  Silurian,  according 
to  Murchison's  classification. 

The  student,  by  making  St.  David's  or  Solva  his  head- 
quarters, may  see  all  these  groups  in  the  course  of  a  few 
excursions,  as  both  these  places  are  within  easy  reach  of  all 
the  exposures  from  which  Mr.  Salter,  Dr.  Hicks,  and  other 
eminent  geologists  obtained  their  data. 
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The  Arcilsan  Rocks. 

These  rocks,  which ,  only  in  recent  years  have  been 
assigned  their  true  position  in  the  succession,  present  locally 
some  exceedingly  interesting  features,  which  might  be 
explained  here  with  benefit  to  those  who  have  not  had  the 
opportunity  of  studying  them  either  on  the  ground  or  on 
paper.  Generally  speaking,  these  rocks  are  all  more  or  less 
metamorphic,  many  of  them  of  volcanic  origin,  and  some 
portions  of  them  so  closely  resemble  igneous  rocks  that 
many  geologists  of  eminence  believe  them  to  be  metamor- 
phosed igneous  rocks.  The  Archaean  rocks  shewn  in  the 
accompanying  sketch  map  formed  the  subject  of  a  prolonged 
discussion  between  the  professional  Fellows  on  the  one  hand 
and  the  amateur  Fellows  of  the  London  Geological  Society 
on  the  other  hand.  Dr.  Geikie,  the  Director  General  of  the 
Geological  Survey,  championed  the  professional  view,  whilst 
Dr.  Henry  Hicks,  F.R.S.,  maintained  the  views  of  himself 
and  brother  amateurs.  Sir  Andrew  Ramsav  had  described 
in  the  official  map  some  of  these  rocks  as  Syenite  and 
Felstone  intrusive  in  and  altering  the  Cambrian  strata.  Dr. 
Hicks  was  born  on  the  ground,  and  having  had  exceptional 
advantages  for  studying  it  inch  by  inch,  ultimately  arrived 
at  the  conclusion  that  the  so-called  syenite  was  not  intrusive 
in  the  Cambrian  rocks,  but  was  a  peculiar  granitoid  rock 
of  pre- Cambrian  age,  and  proposed  for  it  the  new  name 
^'Dimetian,"  it  being  deficient  in  the  basic  silicates  which 
produced  the  characteristic  banding  of  the  Scotch  gneisses, 
and  could  not,  therefore,  be  correlated  with  the  **Lewisian." 

Dr.  Hicks  also  found  that  the  so-called  intrusive  Felstones 
in  many  cases  were  volcanic  breccias  and  lavas,  and  some 
sedimentary  rocks  of  pre-Cambrian  age,  which  he  named 
"  Arvonian ;"  and  that  the  so-called  altered  Cambrian 
belonged  also  to  a  pre-Cambrian  period,  and  named  it 
'*  Pebidian.*' 
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Dr.  Geikie  re-8urveyed  this  area  in  1882,  and  after  care- 
fully going  over  the  ground  he  freely  admitted  that  there 
were  some  important  errors  in  the  map,  but  emphatically 
declared  that  the  survey  map  was  in  its  essential  features 
correct,  and  challenged  Dr.  Hicks  to  produce  a  pebble  of  the 
Dimetian  from  the  conglomerate. 

Dr.  Hicks  produced  at  a  subsequent  meeting  of  the 
Society  specimens  of  the  basal  conglomerate  of  the 
Cambrian,  containing  fragments  of  the  Dimetian,  and 
also  shewed  that  the  Arvonian  rocks  were  almost  entirely 
built  up  of  materials  which  could  only  have  come  from  the 
Dimetian  rocks,  and  thus  proved  that  these  were  older  forma- 
tions and  could  not  possibly  be  described  as  newer  intrusions. 

Dr.  Geikie  after  this  abandoned  the  field  to  his  victorious 
opponent,  and  the  question  has  not  been  re-opened. 

The  Archaean  rocks  are  exposed  in  Pembrokeshire,  besides 
the  places  shewn  in  the  map,  at  Johnston,  Goultrop, 
Talbenny,  Rosemarket,  Brawdy,  Hayscastle,  Roch,  and 
Trefgam.  The  best  exposures  of  the  Archaean  rocks  in  the 
St.  David's  district  are  at  south  side  of  Ogof-Qolchfa, 
shewing  the  Cambrian  conglomerate  resting  un conformably 
on  Pebidian  rocks ;  between  Castell  and  Ogfeydd  Duon, 
shewing  unconformity  of  Cambrian  on  Pebidian;  in  the 
east  harbour,  Porthllisky,  shewing  contact  of  Pebidian  with 
Dimetian,  and  line  of  fault  between ;  at  Ogof-Llesugn, 
ahewing  contact  of  Cambrian  with  Dimetian  ;  in  quarry  on 
north  side  of  Porthclais,  on  south  side  of  Porthclais,  and 
on  roadside  between  Porthclais  and  Rhoscribed,  shewing 
faulted  contact  of  Cambrian  with  Dimetian ;  and  in  clifF 
S.E.  of  Nim's  Chapel,  showing  conglomerate  resting  on 
edges  of  Pebidian  beds. 

The  Cambrian  Rocks. 
The    basal    conglomerate    of   the    Cambrians    forms    a 
distinct  boundary    line  between   the  Cambrians  and   the 
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pre-Cambrians,  and  being  mainly  the  result  of  the  erosion 
of  the  Archsoan  rocks  it  contains  a  number  of  recognisable 
fragments  of  these  earlier  rocks.  This  basal  bed  is  suc- 
ceeded by  the  green  flaggy  sandstones,  schists,  red  shales, 
and  the  purple  sandstone  which  everywhere  characterise  the 
lower  beds  of  the  Cambrians.  The  red  shales  of  Carfai 
have  yielded  the  oldest  remains  of  invertebrate  animals,  the 
Leperditia  Cambrensis,  Linguklla  PrinuBva,  and  Ducina 
CaerfaiemiB,  These  are  the  lowest  evidences  of  the  earliest 
life  yet  obtained.  A  mineral  found  in  lower  rocks  in 
Canada  was  at  one  time  thought  to  be  an  earlier  fossil,  but 
the  theorv  has  been  abandoned,  and  it  is  now  admitted  to  be 
a  mineral  development.  The  best  exposed  section  of  these 
rocks  is  to  be  found  in  the  neighbourhood  of  Carfai,  and  in 
the  Caerbwdy  Valley,  near  St.  David's. 

Next  to  these  in  the  succession  come  the  Solva  Group 
(Harlech  Grits),  which  gradually  pass  into  the  Menevian 
group.  An  interesting  section  from  the  Carfai  Sandstone 
up  to  the  Menevian  beds  may  be  traced  in  the  Solva  Valley. 

The  Menevian  beds  are  richly  fossiliferous,  and  the  fauna 
belonging  to  this  group,  which  is  only  about  750  feet  thick, 
consists  of  52  species  of  23  genera,  and  this  group  has 
become  famous  among  Pala3ontologists  on  account  of  its 
peculiar  fauna.  The  best  exposures  are  at  Solva  Harbour, 
Dwrhyd,  and  at  Porthyrhaw. 

Immediately  succeeding  the  Menevian  beds  at  Porthyrhaw 
and  Solva  are  found  in  their  natural  order  the  basal  beds  of 
the  Lingula  flags,  and  the  Lingula  series,  the  Maentwrog, 
Fcstiniog,  and  Dolgelly  groups  may  be  traced  across  Solva 
Harbour  into  the  St.  Elvis  Cliffs,  south-eastwardly,  where 
replicated  Menevians  are  met  with,  which  are  again  suc- 
ceeded by  a  southerly  fold  of  the  Cambrian  sandstones 
exposed  near  Newgale.  Here  the  carboniferous  rocks  are 
thrust  in  amongst  the  older  rocks  by  faults. 
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The  Tremadoc  slates  are  exposed  at  Whitesand  Bay, 
Kamsey  Island,  and  at  Tremaenliire. 

We  have  the  authority  of  Sir  Roderick  Murchison  for 
stating  that  in  the  Whitesand  Bay  tract  the  "  connection  of 
the  lowest  formation  of  the  Silurian  system  on  the  Lingula 
flags  and  Tremadoc  slates,  with  the  Lower  Llandilo  rocks, 
is  better  seen,  perhaps,  than  in  any  other  part  of  Wales  and 
England." 

Ordovician   and   Silurian  Rocks. 

In  due  order  succeeding  the  Cambrians  we  have  the  rocks 
of  the  Lower  Silurian  (or  Ordovician)  series  well  exposed  on 
the  northern  coast  line,  and  a  splendid  section  may  be  seen 
during  the  course  of  a  walk  along  the  cliffs  from  Whitesand 
Bay  to  Porthgain.  First  in  this  series  comes  the  Arenig 
group,  which  in  turn  is  succeeded  by  the  Llanvrin,  Llandilo, 
Bala,  and  Llandovery  groups. 

The  Bala  and  Llandovery  groups  are  not  to  be  found 
within  the  area  referred  to,  but  these  are  the  beds  upon 
which  the  town  of  Haverfordwest  is  for  the  most  part  built. 

The  Dynamical,  Structural,  and  Physiographical 

Features. 

The  pre-Cambrian  rocks  bear  evidence  that  there  waS 
during  Archaean  time  a  period  of  excessive  volcanic  activity, 
proving  that  there  are  good  grounds  for  the  assumption 
"  that  volcanic  action  was  probably  more  general  and  more 
intense  in  early  geological  time  "  than  it  is  at  the  present 
stage  of  the  world's  history.  In  these  rocks  we  have  the 
remains  of  the  oldest  volcanoes  which  have  yet  been 
discovered.  The  evidence  goes  to  show  that  the  period  of 
greatest  activity  was  when  the  agglomerates  of  the  Pebidian 
series  were  laid  down.  The  Pebidian  group  in  this  area 
attains  a  thickness  of  about  8,000  feet,  and  in  these  rocks 
tufa  and  volcanic  products  predominate,  and  the  evidence 
still  further  shows   that  the  accumidations  were   at  first 
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sab-aerial,  gradually  passing  into  submarine,  accumulations, 
tending  to  prove  that  after  tbe  lower  courses  had  been 
deposited  the  whole  area  became  submerged  whilst  the 
volcanic  activity  remained  unimpaired.  Then  there  was  a 
re-elevation  of  the  depressed  land  and  consolidation  of  the 
rocks  before  the  Cambrians  began  to  be  deposited.  Evidence 
of  volcanic  activity  also  is  recorded  in  the  basal  beds  of  the 
Lingula  flags,  but  the  activity  was  not  accompanied  by 
any  important  physical  changes.  The  Lower  Cambrian 
series  in  this  area  attain  a  thickness  of  nearly  5,000  feet, 
and  no  inconsiderable  time  must  therefore  have  elapsed 
between  the  Pebidian  volcanic  period  and  the  volcanic 
activity  at  the  close  of  the  Menevian  period.  Dr.  Oeikie 
mentions  the  occurrence  of  tufa  in  the  conglomerate  and  in 
the  Solva  group  exposed  at  Middle  Mill,  in  Solva  Valley, 
and  in  the  same  group  exposed  in  Cwm  Mawr,  N.W.  of 
Newgale,  and  it  may  be  that  all  these  are  the  emanations  of 
the  still  slumbering  Pebidian  volcano,  spread  over  the  long 
period  from  Pebidian  times  to  the  days  when  the  foundations 
of  the  Lingula  flags  were  deposited,  and  not  the  result  of 
entirely  new  outbursts.  The  volcanic  activity  recorded  in 
the  Lingula  flags  is  seen  in  thin  lines  of  interbedded  ash 
exposed  in  Solva  Harbour  and  at  Porthyrhaw.  Another 
lengthy  period  elapsed  before  the  next  evidence  of  volcanic 
activity  was  recorded — in  the  Arenig,  Llanvirn,  and  Llandilo 
rocks — to  be  seen  in  various  exposures  of  these  rocks  on  the 
northern  -coast-line,  more  particularly  at  Abereiddy  Bay, 
where  there  is  one  thick  bed  of  f elspathic  ash  with  several 
smaller  bands  of  volcanic  grit  alternating  with  the  fine 
argillaceous  beds. 

Locally,  however,  the  interbedded  volcanic  products  give 
way  in  point  of  interest  to  the  intrusive  and  eruptive  rocks, 
and  as  factors  in  the  present  physical  features  of  the  land- 
scape.     In   the   Dimetian   and   Arvonian   rocks   we   have 


433 

intrusiye  felsite  and  porphyritic  quartz-felsite  and  diabase 
sheets  and  dykes,  and  in  all  the  succeeding  rocks  bosses, 
sheets,  and  dykes  are  frequent  and  common.  Through  the 
Cambrians  and  Silurians,  intrusive  sheets  seem  to  have  been 
driven  at  very  frequent  intervals,  and,  the  beds  having  been 
subsequently  folded  and  broken  at  their  anticlines,  the 
sheets  appear  on  the  surface  as  independent  strings  or 
vertical  intrusions.  Bocks  of  all  ages  are  broken  up,  and 
huge  masses  have  been  moved  about  from  place  to  place  in 
such  a  manner  as  to  prove  that  the  disturbances  were 
frequent,  general,  and  excessive.  At  "Whitesand  Bay  there 
is  a  thrust,  according  to  measurements  taken  by  Dr.  Hicks 
and  Professor  Hughes,  of  fifteen  thousand  feet,  and  a  faulty 
beginning  at  Porthyrhaw,  extends  nearly  across  the  St. 
David's  promontory,  a  movement  resulting  in  the  complete 
fracture  of  the  huge  mass  of  solid  Arvonian  and  Cambrian 
rocks,  and  another  fault,  extending  many  miles,  runs  directly 
across  the  latter  in  an  east  and  west  direction.  In  Ramsey 
Island,  at  Porthclais,  and  in  the  neighbourhood  of  Porthy- 
rhaw, there  are  numerous  faults  ;  and,  in  the  Porthyrhaw 
Valley,  the  tufaceous  basal  beds  of  the  Lingula  flags  form 
an  admirable  key  to  the  series  of  dislocations  and  thrusts  to 
be  seen  there. 

The  coast  line  included  in  this  sketch  provides  the  student 
with  an  endless  variety  of  simple  and  complex  examples  of 
contorted,  inverted,  and  faulted  strata,  false  and  true 
bedding,  jointage,  cleavage,  ripple  marks,  suncracks,  and 
mineral  veins  and  deposits — in  short,  every  feature  of 
geology  requisite  to  complete  the  student's  first  lessons.  In 
addition,  here  may  be  seen  proofs  of  alternate  upheaval  and 
depression,  of  depositions  and  accumulations,  of  erosion  and 
denudation,  all  as  clearlv  recorded  as  in  a  text  book.  The 
Cambrian  conglomerate  lying  on  the  older  rocks,  proves  itself 
to  be  the  result  of  the  erosion  and  denudation  of  the  rocks  it 
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rests  upon,  and  indicates  the  gradual  advance  of  the  waves 
of  the  Cambrian  sea  over  a  sinking  shore.  The  pebbles  and 
coarser  gravel  were  too  heavy  to  be  carried  far,  and  after 
having  been  rolled  about  and  rounded,  sank  into  their  resting 
places  as  the  fringe  of  the  disturbed  water  advanced.  These 
pebbles  formed  the  beach-line  of  Archaean  times.  Upon  this 
conglomerate  lies  the  Archaean  detritus  ne^  in  weight,  and 
upon  this  the  still  lighter  material,  which,  being  more  easily 
removed,  was  carried  out  to  sea  and  deposited  in  the  quiet 
depths.  The  Carfai  section  furnishes  an  excellent  example 
of  erosion  and  redeposition. 

The  non-existence  of  Caradoc  rocks  to  the  east  of  the 
Longmynd  tends  to  prove  that  the  whole  of  the  British  area, 
with  the  exception  of  a  small  ridge  in  the  centre  of  the 
present  England,  was  submerged  in  order  to  receive  the 
Cambrian  and  Silurian  beds.  The  depression  probably 
began  at  the  close  of  Archaean  time,  and  was  continued 
with  fluctuations,  during  which  partial  re-elevations  at  different 
places  occurred,  until  re-elevation  to  the  present  level,  with 
the  attendant  denudation  took  place.  Dr.  Hicks  says :  "The 
sequence  of  the  rocks  in  the  promontory  of  St.  David's  is  a 
perfectly  continuous  one  from  the  base  of  the  Longmynd 
(or  Solva)  group  to  the  Llandilo  group,  and  that  in  this 
section  there  are  no  lines  of  division  stronger  than  what 
would  naturally  occur  in  a  great  series  deposited  over  a  sea- 
bottom  becoming  gradually  depressed,  and  subject  to  the 
ordinary  physical  influences  which  must  have  prevailed 
during  such  a  time."^  This  means  that  this  promontory 
gradually  sank  lower  and  lower  until  it  received  at  least  the 
Llandilo  rocks.  It  is  probable,  if  the  evidence  of  these  rocks 
is  accepted,  that  the  land  became  very  deeply  submerged,  as 
most  of  these  rocks  being  composed  of  very  fine  sediment, 
were  very  likely  deposited  in  quiet,  deep  water.  The  bands 
of  limestone  in  these  beds  also  tend  to  prove  this  view. 
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It  is  thought  that  numerous  volcanic  islands  made  their 
appearance  about  this  time,  somewhere  between  Wales  and 
Ireland,  the  lava  streams  from  which  are  now  found  imbedded 
with  the  Llanvim  and  Llandilo  rocks.  It  is  probably  to 
these  volcanoes,  the  last  British  volcanoes  of  which  we  have 
any  evidence,  we  owe  the  re-elevation  of  this  tract  of  land. 

As  the  land  rose  above  the  water  the  process  of  denudation 
went  on,  until  the  rocks  were  stripped  to  their  present 
heights. 

The  promontory  of  St.  David's,  as  seen  from  the  top  of 
one  of  the  rugged  masses  of  intrusive  rock,  which  form  such 
prominent  features  of  the  landscape  on  the  northern  coast, 
presents  the  appearance  of  a  table  land  with  valleys  excavated 
to  the  sea  level.  All  the  rocks  bear  unmistakable  testimony 
that  great  and  continuous  denudation  must  have  taken  place 
to  reduce  the  rocks  to  their  present  level,  but  how  much  of 
the  denudation  was  effected  by  submarine,  sub-aerial,  or  by 
glacial  causes,  remains  to  be  shown.  There  is,  however,  no 
doubt  but  that  this  area  suffered  largely  during  the  great  ice 
period.  Where  glacial  drift  occurs,  and  the  underlying 
rocks  are  exposed  as  in  the  valley  of  the  Gleddau,  at  White- 
sand  Bay,  and  at  other  places,  glacial  striae  may  be  seen. 
Patches  of  ice-borne  drift  will  be  met  with  at  frequent 
intervals,  not  only  in  the  valley,  but  also  on  the  higher 
ground,  and  striated  boulders  are  common  objects  on  the 
supposed  table  land. 

Evidence  of  the  last  great  subsidence  which  separated  the 
British  Isles  from  the  Continent  will  be  found  at  various 
points  along  the  coast  in  the  form  of  submerged  forests. 
After  a  heavy  storm  the  beaches  at  Newgal6,  Whitesand 
Bay,  and  Abermawr  are  laid  bare,  and  the  stumps  and  roots 
of  trees  in  situ,  fallen  trees  with  their  roots,  branches^ 
leaves,  and  fruit  lie  as  they  fell,  with  hazel-nuts,  uu germ- 
inated, thus  tending  to  prove  that  the  local  submergence 
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was    as    complete  as  it  was  sudden.       Some  years    ago 

Dr.  Hicks  unearthed  the  jaw-bone  of  a  brown  bear  and  the 

antlers  of  deer  from  the  black  soil  below  high-water  level 

at  Whitesand  Bay. 

Recent. 

PalsBolithic  and  Neolithic  tools  and  weapons  are  sometimes 
foimd  in  the  vicinity  of  springs  near  the  Cromlechs  and 
pre-historic  camps  which  abound  in  this  district. 

PALaeONTOLOGICAL. 

Although  the  researches  of  Dr.  Hicks  and  others  on  this 
ground  have  done  so  much  to  throw  light  on  the  life  of 
earlier  Palaeozoic  time,  there  no  doubt  remains  a  great  deal 
to  be  discovered  in  this  area.  The  well-exposed  sections 
afforded  by  the  high  cliffs  lay  before  the  student  a  rich  and 
profitable  field  for  the  study  of  Palaeontological  Geology. 
As  it  would  take  several  papers  to  give  even  a  brief 
description  of  the  Palaeontological  features,  more  than 
general  reference  here  is  neither  advisable  nor  possible. 

Industrial  Products. 

A  country  possessing  so  great  a  diversity  of  rocks  would 
naturally  be  expected  to  yield  a  variety  of  industrial  or 
•economic  products,  and  much  mineral  wealth. 

Owing  to  the  lack  of  mining  enterprise  amongst  local 
men,  comparatively  little  has  been  done  to  develope  the 
mineral  wealth  of  the  county,  and,  with  the  exception  of 
the  anthracite  coal  beds,  it  may  be  said  that  the  mineral 
resources  remain  untouched. 

The  coal  measures  yield  culm  and  anthracite  coal 
exceptionally  rich  in  carbon.  The  anthracite  coal  of  South 
Wales  is  said  to  have  96  per  cent,  of  carbon.  The  coal  won 
finds  a  ready  market  at  good  prices. 

Auriferous  veins  have  been  proved  to  exist  in  nearly  all 
the  series  within  the  gold  limit,  but  nothing  has  ever  been 
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done  in  the  way  of  gold  mining  in  Pembrokeshire.  All 
the  geological  conditions  for  gold  are  present,  and  upon 
diligent  search,  gold  in  paying  quantities  may  possibly  be 
found. 

Various  copper  and  lead  lodes  have  been  explored,  and 
although  the  latter  mineral  has  been  found  to  be  unusally 
rich  in  silver,  nothing  beyond  superficial  working  has  ever 
been  attempted,  except  at  Llanfirnach,  where  a  lead  mine  is 
being  worked  most  successfully. 

Manganese  oxide  deposits  of  considerable  extent  are  to  be 
found  in  North  Pembrokeshire,  in  the  Llandilo  rocks,  and  it 
is  understood  that  the  attention  of  commercial  men  is  now 
being  directed  to  one  valuable  property  in  this  district. 

Rich  ironstone  is  found  in  the  coal-measures,  particularly 
at  Broad  and  Little  Haven. 

The  Lower  Cambrian  beds  yield  a  sandstone  of  a  beautiful 
purple  colour,  suitable  for  building  purposes.  This  is  the 
stone  so  largely  used  in  the  building  and  restoration  of  St. 
David's  Cathedral.  Very  large  blocks  of  this  stone  can  be 
obtained  and  would  well  repay  quarrying.  The  carbon- 
iferous limestone  beds  also  furnish  good  building  stone,  and 
a  fine  grey  building  stone  may  be  got  from  the  carboniferous 
sandstone  exposed  at  Nolton. 

The  local  greenstone  sheets  and  bosses  also  yield  good 
building  stone,  and  large  blocks  may  be  obtained.  When 
rough  dressed  and  used  as  a  facing  stone  in  buildings,  its 
soft  green  tone  has  a  very  pleasing  effect.  This  stone  also 
dresses  very  readily  into  paving  setts  of  excellent  quality, 
as  it  is  only  just  sufficiently  hard  to  wear  well  without 
acquiring  the  dangerous  slippery  polish  so  objectionable  ii;i 
the  pure  granite  setts.  This  stone  may  be  obtained  in 
abundance,  and  as  works  for  dressing  and  preparing  it  for 
the  markets  have  been  opened  at  Porthgain,  it  is  likely  that 
a  large  local  industry  will  be  developed  in  the  course  of  time. 
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Roofing  slates  of  good  quality  are  obtainable  from  the 
local  Arenig,  Llanvrin,  and  Llandilo  rocks,  wherever  these 
rocks  are  exposed  in  the  county ;  but,  except  at  Porthgain, 
where  facilities  for  shipment  exist,  the  lack  of  means  of 
transit  preclude  the  hope  that  the  wealth  of  these  rocks  is 
ever  likely  to  be  fully  realised.  Several  extensive  beds  of 
roofing  slate  are  to  be  found  within  easy  distance  of  Fish- 
guard, and  the  shipping  facilities  of  the  harbour  at  this 
place  may  yet  be  used  for  the  exportation  of  slate.  The 
slabs  obtained  from  these  rocks  find  a  ready  market. 

The  slaty  rocks  of  the  Lower  Silurian  groups,  when 
pulverised  and  properly  treated,  may  be  made  into  brioks  of 
surpassing  strength. 

The  metal  aluminium  is  present  in  large  quantities  in  the 
clays  of  North  Pembrokeshire,  and  also  in  the  felspar  rocks 
commonly  found  in  the  locality.  When  it  becomes  possible 
to  extract  aluminium  by  a  cheap  and  easy  method,  so  as 
to  bring  it  within  reach  of  the  Industrial  Arts,  North 
Pembrokeshire  may  become  an  important  mining  district. 


A  vote  of  thanks  was  passed  to  Mr.  Williams  for  his 
interesting  communication. 

This  concluded  the  business  of  the  meeting. 
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WIGAN    MEETING. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Friday,  the  10th  Januarj%  1890,  in  the  Mining  School, 
Wigan.  Mr.  W.  S.  Barrett,  Vice-President  (in  the  un- 
avoidable absence  of  the  President),  was  called  to  the  Chair. 


MEETING   AT   OWENS   COLLEGE. 


The  Chairman  said  he  had  been  asked  to  mention  that 
arrangements  were  being  made  for  an  Evening  Meeting 
at  Owens  College,  at  the  end  of  this  month.  That,  he  was 
sure,  would  be  satisfactory  to  the  members,  because  the 
previous  meetings  there  had  been  of  an  interesting  and  in- 
structive character.  Due  notice  would  be  given  of  the  date 
of  the  meeting. 


NEW   MEMBERS. 


The  following  gentlemen  were  elected  Ordinary  Members 
of  the  Society  :  — 

G.  E.  J.  McMuRTRiE,  Mining  Engineer,  Poynton,  near 

Stockport. 
Thomas  Morris,. Mining  Engineer,  Rosebridge  Collieries, 

Wigan. 
J.  Richard  Haines,  F.G.S.,  Adderley  Green  Collieries, 

Stoke-on-Trent. 
John  Green,  Mining  Engineer,  Bamfurlong,  Wigan. 
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DESCRIPTION    OF   A  PATENT   SCREEN. 
Bv  Mr.  G.  C.  Greexwell,  Jun.,  M.I.C.E.,  F.G.S. 


Not  by  any  means  the  least  important  part  of  the  duties 
of  the  manager  of  a  colliery  is  to  see  that  the  coal  is 
economically  and  efficiently  screened,  and  that  as  much  of 
the  dirt  and  dross  is  picked  out  before  the  coal  is  placed  in 
the  wagons  as  possible. 

The  system  of  screening,  which  has  generally  beeu 
adopted  till  comparatively  recently,  and  is  even  now  very 
largely  in  use  throughout  the  country,  is  the  simple  arrange- 
ment of  fixed  sloping  bars  placed  parallel  to  each  other  at 
various  distances  apart,  depending  upon  the  size  of  coal  which 
it  is  wished  to  pass  through  between  the  bars. 

The  objection  to  this  system,  which  otherwise  answers 
very  satisfactorily,  is  that  if  the  inclination  of  the  bars  is 
steep  so  as  to  allow  the  coal  to  pass  down  to  the  wagon  by 
force  of  gravity,  there  is  no  time  or  opportunity  for  picking 
out  the  dirt  and  dross,  and  a  large  amount  of  this  passes  into 
the  wagon  mixed  with  the  coal,  and  if  the  inclination  of  the 
bars  is  not  so  steep,  the  dirt  and  dross  can  be  picked  out,  but 
the  labour  in  raking  down  the  coal  to  the  wagon  is  consider- 
able, and  consequently  expensive.  During  recent  years 
many  mechanical  contrivances  have  been  adopted  at  varioas 
collieries  to  economize  labour,  such  as  Shaking  Screens  and 
Revolving  Screens,  worked  by  engine  power,  which  after 
separating  the  large  from  the  small  coal  deliver  the  large 
coal  direct  into  the  wagons  or  on  to  travelling  belts  variously 
constructed,  which  carry  the  coal  past  the  pickers, — men, 
boys,  and  sometimes  women,  who  take  out  the  dirt  and  dross, 
and  where  necessary  separate  the  large  coal  according  to  its 
quality.  What  passes  the  pickers  is  then  either  delivered 
direct  into  the  wagons  or  on  to  other  Shaking  or  Revolv- 
ing Screens  for  further  separation. 
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The  slack  which   passes   through    the   first   Shaking  or 

Revolving  Screen  is  also,  when  not  delivered  direct  into 

wagons,  often  conveyed,  by  means  of  belts,    elevators   or 

other  arrangements,  to  other  screens  of  a  similar  description, 

and  separated  into  as  many  different  sizes  of  coal  as  required. 

These  screens  do  their  work  very  thoroughly,  and  the 
belts,  which  are  sometimes  of  considerable  length,  enable 
the  pickers  to  clean  and  sort  the  coal  in  a  very  perfect 
manner,  but  the  great  objection  to  the  arrangement  is 
the  heavy  first  cost,  the  high  working  cost,  and  the  large 
amount  of  room  required. 

The  writer  does  not  propose  to  describe  these  screens 
more  fully,  as  he  has  no  doubt  that  most  colliery  managers 
are  familiar  with  them.  lie  will  now,  therefore,  proceed 
at  ouce  to  describe  an  arrangement  for  screening  and  picking, 
which  has  been  in  use  at  Tiord  Vernon's  Poynton  Collieries 
for  about  two  years,  and  which  has  answered  remarkabh'^ 
well.  It  will  be  seen  by  the  Plan  and  a  small  Model,  which 
are  before  you,  that  the  arrangement  consists  of  a  series 
of  parulled  short  linked  endless  chains,  driven  by  engine 
power,  and  working  between  fixed  bars  of  a  particular 
section  and  of  various  widths.  The  coal  is  tipped  on  to  the 
screen,  and  is  carried  forward  by  the  chains,  which  travel 
at  a  slow  speed,  and  as  it  passes  forward,  the  dirt  and  dross 
is  picked  out  by  men,  boys,  or  women,  stationed  at  intervals 
on  each  side,  and  the  various  sizes  of  small  coal  drop 
through  between  the  chains  and  bars  into  wagons  placed 
below.  The  smallest  size  passing  through  in  the  first 
length,  and  the  larger  sizes  in  the  succeeding  lengths,  until 
at  the  end  of  the  screen  the  large  coal  is  delivered,  free 
from  small  and  dirt,  into  the  wagons  placed  ready  to  receive 
it.  It  will  at  once  be  seen  that  the  screen  may  be  erected 
of  any  length  and  with  any  number  of  sections,  and  that 
by  putting  a  sufficient  number  of  small  guiding  pullies  to 
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keep  the  chains  steady,  the  coal  may  be  very  accurately 
sorted  into  as  many  different  sizes  as  required.  The  plan 
shows  the  arrangement  adopted  at  Poynton,  and  is  suitable 
for  the  particular  requirements  of  the  colliery,  but  this 
arrangement  could  be  varied  very  considerably. 

The  cost  of  erection  is  comparatively  small,  and  the  screen 
can  be  fitted  up  and  set  to  work  without  much  interference 
with  existing  arrangements.  A  large  amount  of  coal  can 
be  passed  over  one  screen  and  can  be  efficiently  dealt  with 
at  a  very  low^  working  cost.  The  following  particulars  with 
regard  to  the  two  screens  which  are  now  at  work  at  Poynton 
may  be  of  interest : — 

Speed  of  chains    73  feet  per  minute. 

Quantity  of  coal  dealt  with  100  tons  per  hour. 

Equals  for  each  elcreen  50  tons  per  hour. 

Working  cost   Jd.  per  ton. 

First  cost  of  each  screen    Under  £100. 

The  writer  will  be  very  pleased  to  give  any  further 
information  to  any  member  of  the  Society,  and  to  show  the 
screen  at  work  to  those  who  would  like  to  see  it. 


The  Chairman  said  he  personally  regretted  there  was  not 
a  larger  attendance.  The  great  ambition  of  colliery 
proprietors  was  to  give  the  public  their  coal  as  clean  as 
possible.  They  had  always  tried  to  do  that,  and  therefore 
anyone  who  helped  them  to  do  it  was  entitled  to  their 
gratitude.  He  was  sure  the  subject  brought  under  their 
notice  was  very  important  to  mining  engineers  and  others 
interested  in  the  question  which  was  of  the  greatest  value  to 
them.  Although  Mr.  Greenwell's  paper  was  short  it  was 
concise  and  full  of  information,  and  he  could  only  on  behalf 
of  the  Society  oflTer  him  their  thanks,  and  invite  any  gentle- 
man to  ask  what  further  questions  they  desired.  He  begged 
to  propose  a  vote  of  thanks  to  Mr.  Grccnwcll. 
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Mr.  Caldwell  ;  I  ahould  like  to  know  whether  it  is  not 
possible  for  lumps  of  coal  to  get  between  the  bars  and  chains 
of  the  machine,  and  thereby  stop  its  working  P 

Mr.  Greenwell  :  I  think  not.  The  chains,  which  are 
short  linked,  in  passing  over  the  pulleys  give  a  shaking 
movement,  and  they  act  in  a  certain  way  as  a  riddle.  In 
our  experience,  which  has  extended  about  two  years,  there 
has  never  anything  of  the  kind  happened. 

Mr.  Caldwell  :  Then  the  coal  and  the  slack  go  down 
their  proper  apertures  P 

Mr.  Greenwell  :  Yes,  except  to  a  slight  extent  where 
the  coal  is  of  a  flaky  description. 

Mr.  Caldwell  :  That  would  apply  to  any  screen  ? 

Mr.  Greenwell  :  Yes,  except  in  shaking  and  revolving 
screens  with  a  mesh. 

Mr.  Holltngworth  :  What  sort  of  a  chain  is  used  ? 

Mr.  Gkeenwell  :  An  ordinarv  chain  with  short  links. 
It  is  practically  round  and  like  a  rope. 

Mr.  Hedley  :  What  is  the  incline  used  P 

Mr.  Greenwell:  We  first  tried  a  steepish  incline  but 
gradually  lessened  it,  and  now  it  is  quite  flat. 

Mr.  Hedley  :  You  say  it  costs  a  farthing  per  ton  P 

Mr.  Greenwell  :  Yes,  as  an  average  working  cost. 

Mr.  Hedley  :  Your  coal  is  comparatively  clean  P 

Mr.  Greenwell:  I  wish  it  were. 

Mr.  Hfdley  :  Compared  with  other  places  ? 

Mr.  Greenwell  :  Much  the  same. 

Mr.  Hedley,  in  seconding  the  motion,  said  they  were 
deeply  indebted  to  Mr.  Greenwell  for  coining  such  a  long 
distance  and  laying  before  them  a  subject  which  was  of  very 
great  interest  and  importance  to  them.  The  idea  was  quite 
a  now  one  to  him,  and  to  many  members  present.  He  could 
only  regret  there  were  so  few  present  from  the  district,  for 
he  felt  sure  when  the  paper  had  been  printed  it  would  be 
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I'ead  with  great  interest  by  all  who  were  connected  with 
collieries,  and  ho  had  no  doubt  some  of  thera  would  be  glad 
to  avail  themselves  of  Mr.  Green  well's  ofiPer  to  show  them 
the  screen  in  operation. 

The  Chaikmax  explained  that  there  was  an  important 
arbitration  being  held  at  Manchester,  and  it  probably 
prevented  a  lai-ger  attendance. 

The  motion  having  been  passed,  Mr.  Greenwell  briefly 
replied,  and  said  he  would  be  glad  to  give  the  members  any 
further  information. 

The  Chairman  said,  that  concluded  the  business.  It  had 
been  a  very  short,  but  very  interesting  meeting,  and  he 
trusted  they  would  have  as  profitable  a  one  when  they 
met  there  again. 

Mr.  C.  CocKsoN,  in  proposing  a  vote  of  thanks  to  the 
Chairman,  said  they  knew  what  a  busy  man  Mr.  Barrett 
was,  and  his  example  in  attending  those  meetings  ought  to 
induce  other  colliery  proprietors  and  managers  from  that 
district  to  attend.  He  was  sure  that  those  present  were 
much  obliged  to  Mr.  Barrett  for  his  attendance  and  the 
remarks  he  had  made. 

Mr.  ToNGE,  in  seconding,  said  he  was  afraid  that  members 
liad  absented  themselves  because  they  thought  nothing  new 
could  be  brought  out  with  regard  to  screening,  but  when 
they  read  Mr.  GrecnweH's  paper  they  would  admit  it  was 
something  new.  They  were  deeply  indebted  to  Mr. 
Greenwell  for  his  paper,  and  to  Mr.  Barrett  for  presiding. 

The  Chairman,  in  acknowledging  the  compliment,  said 
that  as  a  colliery  owner  he  was  glad  to  be  there.  He  thought 
any  time  spent  on  a  question  of  that  sort  was  very  well 
bestowed. 

The  meeting  then  tenninutcd. 


TRANSACTIONS 

OF   THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Part  XVI.  Vol.  XX.  Session  1889-90. 


EVENING  MEETING  AT  THE  OWENS  COLLEGE. 

A  Special  Meeting  of  the  Members  and  their  Friends 
was  held  in  the  Geological  Museum,  Beyer  Buildings,  Owens 
College,  on  the  evening  of  Friday,  the  31st  January,  1890. 

Since  the  opening  of  the  New  Museum  Buildings  a 
meeting  at  the  College  is  now  reckoned  upon  as  an  annually 
recurrent  event,  a  view  which  the  Council  of  the  Societv 
desires  to  foster,  as  it  gives  the  members  an  opportimity  of 
meeting  in  a  more  social  and  less  formal  way  than  is  possible 
at  the  Ordinary  Meetings  at  the  rooms  in  George  Street. 

Moreover,  it  affords  an  occasion  to  the  members  of 
renewing  their  acquaintance  with  the  geological  collections, 
and  of  fostering  and  sustaining  their  interest  in  their 
development. 

Prior  to  the  commencement  of  the  proceedings  announced 
in  the  circular,  the  members  met  in  the  Refectory  of  the 
College,  where  tea  and  coffee  were  served. 

At  7  o'clock  the  members  assembled  in  the  Zoological 
Lecture  Theatre,  when  (in  the  absence  of  the  President) 
Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S.  (Vice-Presi- 
dent), was  called  to  the  Chair,  who  at  once  called  upon  Mr. 
Mark  Stirrup,  F.G.S.,  to  deliver  his  promised  address. 
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HYDROLOGY  OF  THE  GAUSSES  OF  LAKGUEDOC ;  THE 
GORGES  OF  THE  TARN,  ITS  CAVERNS  AND  SUB- 
TERRANEAN STREAMS. 

(Being  a  chapter  on  Denudation  and  the  Regime  of  Underground 

Waters.) 

With  Lantern  Illustrations. 


Mr.  Stirrup,  before  proceeding  with  his  address,  pointed 
out  on  a  large  map  of  France  (kindly  lent  by  the  Man- 
chester Geographical  Society)  the  position  of  the  district  he 
was  about  to  describe,  and  indicated  its  relation  to  the 
surrounding  mountains  of  the  Cdvennes,  some  of  whose 
highest  ridges  form  the  European  divide  or  watershed, 
which  separates  the  rivers  which  have  their  outlet  in  the 
Mediterranean  from  those  flowing  westwards  to  the  Atlantic. 

Mr.  Stirrup  continuing,  said,  the  district  to  which  he 
wished  to  draw  attention  was  one  of  special  interest  to  the 
geologist,  as  in  it  were  displayed  some  of  the  most  curious  and 
singular  effects  of  the  denuding  and  erosive  power  of 
running  water  that  were  to  be  met  with  in  Europe. 
Situated  in  a  portion  of  Southern  France,  in  the  midst  of 
its  poorest  departments,  as  regards  agriculture  or  commerce, 
this  district  has  attracted,  until  recently,  but  little  notice, 
and  has  remained  practically  unknown,  even  to  the  French 
themselves. 

This  neglect  is  probably  due  to  many  causes,  some  of 
which  are  its  inaccessibility,  owing  to  its  comparative 
isolation  in  the  heart  of  the  Cevennes  moimtains,  its  want 
of  roads  and  railway  communication  (a  drawback  now 
remedied),  and  its  position  away  from  the  great  stream  of 
traffic  which  passes  from  the  north  to  the  south  of  Franc<^* 
vid  Paris  and  Marseilles. 
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Public  attention  has  been  recently  drawn  to  this  region 
by  the  publication  of  articles  in  several  French  geographical 
and  scientific  journals,  in  which  have  been  described  most 
vividly  by  the  explorers,  the  attractive  features  and  great 
natural  curiosities  which  are  there  to  be  met  with. 

For  the  main  facts  and  descriptions  of  the  district,  the 
lecturer  acknowledged  his  indebtedness  to  the  writings 
and  statements  of  L.  de  Malafosse,  of  Toulouse,  and 
E.  A.  Martel,  of  the  French  Alpine  Club,  to  the  latter  of 
whom  he  was  particularly  beholden  for  much  valuable 
information  furnished,  and  also  for  his  assistance  and  judg- 
ment in  selecting  the  lantern  views,  some  of  which  embodied 
M.  Martel's  own  explorations,  so  recently  as  the  summer  of 
last  year,  and  which  have  not  hitherto  been  put  before  an 
English  audience,  and  only  before  a  French  public  by  the 
explorers  themselves. 

The  word  "  Gausses  *'  (evidently  derived  from  the  Latin 
word  calxy  limestone)  is  a  local  name,  designating  certain 
large  calcareous  plateaux,  high  table-lands,  ranging  from 
2,600  feet  to  nearly  4,000  feet  above  the  sea  level,  and 
which  extend  into  the  department  of  the  Lot,  Loz^re, 
Aveyron,  Gard,  and  the  H^rault. 

Situated  between  Mende,  Rodez,  and  Montpellier,  mainly 
in  the  department  of  **  La  Lozere,"  the  Gausses  are  boimded 
on  the  north  by  the  basin  of  the  river  Lot,  and  on  the  east 
by  the  granite  and  schists  of  Mont  Aigoual  and  Mont 
Lozere,  which  rise  respectively  to  a  height  of  5,140  feet  and 
5,580  feet. 

The  special  features  of  the  Gausses  consist  of  deep  gorges 
or  caiions ;  plateaux  seamed  with  innumerable  fissures 
and  traversed  by  numerous  vertical,  deep  avens  or  swallow- 
holes  ;  and  rocks  of  marvellous  shapes,  the  work  of  erosion  ; 
while  the  interior  recesses  of  the  Gausses  have  been  carved 
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into    caverns    and    tunnels    by    subterranean    streams    of 
unknown  origin. 

The  intensity  of  the  action  of  running  water  and  of 
denuding  agencies  upon  these  plateaux  is  due  for  the  most 
part  to  the  constitution  and  mineral  composition  of  the 
rocks  which  go  to  build  up  their  mass. 

Without  entering  into  geological  details,  it  may  be  said 
that  the  rocks  of  the  Gausses,  belong  essentially  to  the 
Jurassic  formation,  and  consist  principally  of  Limestones, 
Dolomites  and  Marls  which  rest  upon  the  Lias. 

The  Dolomite  is  one  of  the  most  characteristic  rocks  of 
the  region,  and  owing  to  its  composition  of  calcium  and 
magnesium,  it  lends  itself  readily  to  disintegration  and 
erosion,  as  will  be  seen  in  the  vertical  escarpments  and 
curiously  eroded  rocks  pictured  in  the  lantern  views. 

The  Gausses,  says  the  Geographer  Reclus,  are  imique  in 
France,  by  their  configuration,  their  aspect  and  their 
climate. 

Of  the  two  former  characteristics,  Mr.  Stirrup  said,  some 
idea  will  be  gathered  from  the  photographic  views  thrown 
on  the  screen,  and  as  to  the  climate,  M.  Reclus  goes  on  to 
say,  that  on  the  surface  of  the  Gausses  it  is  extreme,  rigorous 
and  severe  in  the  winter ;  often  impassable  from  the  depth 
of  snow,  subject  to  violent  storms,  while  in  the  summer  it  is 
baked  with  a  fervent  heat. 

In  the  valleys,  however,  several  hundred  feet  below,  a 
warm  and  Mediterranean  climate  prevails,  permitting  the 
growth  of  almond  trees,  vines,  and  the  olive.  These  high 
table-lands  have  been  divested  of  their  wood  and  are  now 
in  fact  deserts,  naked,  dry,  without  water  or  wood,  except 
on  the  edges  and  flanks  of  the  Gausses,  among  the 
inaccessible  rocks,  where  remnants  of  their  ancient  forests  of 
beech  and  oak  still  maintain  a  foothold. 
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One  of  the  most  wonderful  and  picturesque  attractions  of 
this  region  is  the  river  gorges,  narrow  ravines  or  canons 
which  separate  the  several  Gausses  from  one  another.  The 
walls  of  these  gorges  are  for  the  most  part  vertical,  rising 
from  about  650  feet  to,  in  some  cases,  nearly  2,000  feet 
above  the  stream,  which  flows  between. 

These  clifEs  have  not  been  rent  asunder  by  any  great  earth 
movement  as  might  at  first  be  supposed,  but  the  severance 
is  due  to  erosion  by  running  waters. 

The  three  principal  streams  which  divide  the  Gausses  are 
the  Tarn,  the  Jonte,  and  the  Dourbie. 

The  gorge  of  the  Tarn  is  the  most  beautiful  and  perhaps 
the  most  characteristic,  as  for  a  distance  of  about  fifty  miles 
from  Florae  to  Millau,  the  river  runs  in  a  narrow,  deep  and 
sinuous  crack,  between  perpendicular  walls,  which,  in  places 
rise  to  1,300  and  1,600  feet,  and  even  1,900  feet  above  the 
river  itself.  It  is  only  near  St.  Enimie  that  the  Tarn  first 
becomes  navigable  to  the  small  boats  which  descend  the 
stream ;  no  oars  are  used  to  propel  the  boat,  which  glides 
down  with  the  current,  only  the  gaff  or  boat  hook  is  needed 
to  direct  its  course. 

The  river  varies  in  depth  according  to  places  and  the 
seasons,  sometimes  widening  out  into  lake-like  expanses, 
then  narrowing  again  imtil  the  river  fills  up  the  whole  width 
of  the  gorge. 

Between  St.  Enimie  and  Rozier  several  rapids  are  traversed 
among  the  great  rocks,  which  in  places  bar  the  passage  of  the 
stream,  and  where  the  passengers  are  obliged  to  disembark 
and  proceed  to  the  next  navigable  part. 

One  thing  the  pictures  will  fail  to  show,  that  is  the 
wonderful  colouring  of  the  white  dolomite  clifis  when  lighted 
up  by  the  rays  of  the  setting  sun ;  spotted  and  dashed  as  they 
are  with  shades  of  the  brightest  of  red,  yellow,  and  orange, 
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<lue    to    the    salts  of    iron,    with   which   the   dolomite  is 
impregnated. 

The  destructive  and  erosive  power  of  running  water  is  not 
only  shown  in  the  deep  river  gorges  of  this  region,  bat  also 
on  the  surface  of  the  Gausses,  where  the  Upper  Dolomite, 
which  crowns  the  plateaux,  has  been  cut  and  carved  into  the 
most  fantastic  shapes,  simulating  animal  and  architectural 
forms,  which  words  fail  to  describe. 

Among  these  gigantic  monoliths  sculptured  by  nature's 
hand,  may  be  descried  the  forms  of  dolmens  and  menhirs, 
statues,  obelisks,  pyramids,  arched  gateways, — ^natural  monu- 
ments, some  of  which  stand  on  the  verge  of  cliffs  from  400 
to  upwards  of  1,000  feet  in  height,  whilst  others  are  hidden 
within  an  outer  rampart  of  rock,  bastioned  and  crenellated 
like  some  feudal  fortress. 

Of  this  latter  class  is  that  great  marvel  of  the  country,  a 
veritable  city  of  rocks,  called  Montpellier-le-Vieux,  or  by 
the  peasantry  the  Devil's  City,  which  from  its  strange  and 
unaccountable  appearance  has  always  been  an  object  of 
superstitious  dread  to  the  inhabitants  of  the  valleys  below. 

They  dared  not  enter  into  its  rocky  labyrinths,  and 
refrained  even  from  speaking  of  its  existence  to  the  rare 
travellers  who  visited  the  locality. 

This  assemblage  of  eroded  rocks,  all  cut  out  of  the  solid 
dolomite,  presents  the  appearance  of  Titanic  ruins,  which 
have  been  compared  to  Karnac,  Palmyra,  and  other 
celebrated  Eastern  ruins.  It  is  situated  upon  the  edge  of 
the  Causse  Noir,  about  seven  miles  east  of  MiUau,  at  a 
height  above  the  valley  of  the  Dourbie  of  about  1,300  feet. 

There  are  several  displays  of  a  like  character  on  other 
parts  of  the  Causse  Noir,  at  Moureze,  on  the  Causse 
Larzac,  and  in  other  districts  of  the  C^vennes  where  similar 
rocks  form  the  surface  of  the  tableland. 
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The  underground  phenomena  of  this  curious  region  is  no 
less  extraordinary  than  its  surface  features,  as  will  be  seen 
by  the  views  of  several  of  the  more  remarkable  of  the  avens, 
caverns,  and  subterranean  streams  which  have  been  explored 
by  M.  Martel  and  his  friends. 

Avens  may  be  described  as  great  natural  shafts  or  swallow- 
holes,  common  to  limestone  countries,  such  as  are  met  with 
on  a  more  diminutive  scale  at  Ingleborough  and  in  Derby- 
shire. 

The  avens  of  the  Cau^ses  manifest  themselves  on  the 
surface  in  orifices  of  considerable  size,  generally  in  some 
hollow  or  depression  of  the  ground,  where,  in  time  of 
storms,  the  water  finds  its  way,  and  is  precipitated  down 
these  deep  pits  with  a  great  noise.  These  swallow-holes 
have  been  considered  by  many  to  open  out  below  the  surface 
into  large  caverns,  or  to  have  direct  communication  with 
subterranean  reservoirs  or  streams,  but  these  surmises  have 
not  been  practically  tested  until  recently. 

These  exterior  openings  were  considered  to  be  caused  by 
the  falling-in  of  the  roofs  of  underground  caverns,  while 
the  vertical  pit  was  the  communication  between  the  supposed 
reservoir  and  the  surface. 

Popular  superstition  had  ascribed  to  many  of  these  avens 
depths  of  500  metres  (1,640  feet),  and  some  were  pronounced 
unfathomable. 

In  the  years  1888  and  1889  Monsieur  Martel  and  his 
companions  determined  to  explore  some  of  these  abysses ; 
fourteen  of  them  were  examined,  and  only  one,  that  of 
Rabanel,  was  found  to  be  more  than  200  metres  C660  feet) 
in  depth,  the  others  varied  from  180  feet  to  435  feet. 

As  to  their  mode  of  formation,  M.  Martel  says  they 
cannot  all  be  ascribed  to  one  cause. 

One  only,  that  of  Padirac,  seems  to  owe  its  origin  to  a 
falling-in  of  the  roof,  and  that  is  distinguished  by  a  wider 
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orifice  (115  feet)  and  its  moderate  depth  of  196  feet.  All 
the  others  are  too  deep  and  too  narrow  to  be  due  to  the 
same  cause.  Four  only  end  in  actual  caverns,  and  those  are 
only  of  medium  size.  Eight  are  terminated  by  a  pit,  or  by 
fissures  where  the  head  of  a  man  could  not  pass;  these 
twelve  are  simply  natural  fractures  of  the  rocks,  widened 
by  the  action  of  surface  waters  upon  them. 

M.  Martel's  sections,  published  in  the  reports  of  his 
explorations,  show  how  erosion  has  proceeded.  The  com- 
bined mechanical  and  chemical  action  of  rain  water  in 
percolating  through  these  rocks,  has  enlarged  the  vertical 
fissures  of  the  limestone  or  -dolomite,  then,  having  arrived 
at  the  bottom  of  one  of  these  cracks,  it  has  made  a  horizontal 
gallery  where  a  line  of  weakness  or  intersection  of  joints 
has  occurred,  until  meeting  with  another  vertical  fissure, 
when  the  downward  prolongation  of  the  aven  has  been 
•continued,  and  so  the  work  of  erosion  has  progressed  until 
fstopped  by  an  impermeable  band  of  marl. 

The  scientific  and  complete  manner  in  which  these 
investigations  were  carried  on,  is  shown  by  the  means  used. 
Often  seven  or  eight  assistants  were  employed,  500  metres 
of  strong  ropes,  rope  ladders,  windlasses,  cranes  and  pulleys, 
telephones,  electric  lights,  magnesium  wire,  tents,  &c.,  &c. 
When  on  the  way  to  explore  one  of  these  "avens,"  the 
convoy  often  attracted  the  attention  of  the  country  people, 
who  often  took  it  to  be  that  of  a  strolling  circus  company. 

The  absolute  necessity  of  the  telephone,  whilst  engaged 
in  these  explorations,  was  proved  on  several  occasions,  which 
might  have  ended  disastrously  to  the  explorers,  if  they  had 
not  been  able  to  keep  up  communication  with  one  another 
by  its  aid,  as  in  these  pits  the  sound  of  whistles,  horns  or 
the  human  voice  ceases  to  be  heard  at  a  depth  of  90  to  100 
feet,  owing  to  the  resonance. 
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One  of  these  "  avens,"  that  of  the  Egue,  on  the  Causae 
Noir  (of  which  a  section  was  exhibited),  demonstrated  the^ 
general  character,  and  the  probable  mode  of  formation  of 
many  of  them. 

Those  who  have  seen  the  so-called  "  Glacier  Garden  "  at 
Lucerne,  will  remember  the  "Giant's  Kettles,"  "Pot 
Holes,"  or  great  bowl-shaped  striated  hollows  in  the  rock, 
the  result  of  the  action  of  pebbles  or  boulders,  gyrating 
under  the  impulse  of  a  glacier  torrent  falling  on  the  rock 
from  a  higher  platform. 

Similar  striations  or  scorings  may  be  seen  on  the  vertical 
walls  of  the  "  Aven  de  TEgue,"  and  so  regular  are  they,  as 
to  resemble  the  exterior  mould  of  a  gigantic  screw,  some  6 
to  18  feet  in  diameter. 

The  spiral  lines  cut  into  the  face  of  this  long  cylinder 
have  been  the  work  of  some  ancient  torrent,  which  in  its 
descent  from  a  higher  level  has  carried  in  with  it  stones  and 
pebbles,  which  whirled  round  and  round,  during  untold 
time,  have  gone  on  gradually  sculpturing  and  deepening  the 
shaft,  until  it  has  attained  its  present  depth,  which  far 
exceeds  that  of  any  "Giant's  Kettle"  at  present  known. 

Thus,  apparently,  the  same  mechanical  action  of  torrential 
water,  whether  of  glacier  streams  or  not,  which  hollowed 
out  the  shallow  "  Giant's  Kettles  "  of  Lucerne  produced  the 
deep  "Avens"  of  the  Gausses.  The  difference  in  the 
amount  of  erosion  is  only  one  of  degree,  and  this  is  doubtless 
largely  due  to  the  different  mineral  composition  of  the 
respective  rocks. 

The  Caverns  of  the  Causses  are  no  less  interesting  than 
the  Avens. 

While  the  mode  of  formation  of  these  underground 
chambers  was  explained,  their  weird  and  wonderful  aspect 
was  well  illustrated  by  the  views  of  the  Grotto  of  Dargilan. 
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This  cavern  was  discovered  only  by  an  accident  in  1880, 
and  it  has  since  been  explored  during  the  summers  of  1884 
and  1885,  after  great  labour  and  a  few  accidents,  by  M. 
^[artel  and  his  friends. 

It  is  a  cavern  of  great  extent  and  several  branches, 
entrance  to  which  is  gained  by  an  opening  under  the  edge 
of  the  Causse  Noir,  near  the  surface  of  the  dolomitic  escarp- 
ment. The  first  chamber  and  the  largest  is  of  elliptical 
form,  390  feet  long,  160  to  200  feet  broad,  and  115  feet 
high.  Its  sides  and  roof  are  clothed  with  stalactitic 
crystallizations,  which  resemble  a  fairy  palace  of  indescrib- 
able appearance. 

Twenty  great  chambers  were  discovered,  united  by  long 
and  narrow  passages  or  corridors,  and  all  more  or  less 
adorned  by  magnificent  and  curiously-shaped  masses  of 
stalactitic  and  stalagmitic  formation,  of  which  the  photo- 
graphic views  can  but  give  an  idea. 

The  lecturer  explained  these  dry  caverns  as  the  work  of  a 
past  geological  age,  while,  on  the  other  hand,  the  present 
.streams  are  scooping  out  and  tunneling  the  solid  rock  into 
chambers  and  passages  at  a  lower  level,  the  result  of  which 
action  may  at  some  future  age  be  accessible  to  man,  when 
the  present  caverns  are  caverns  no  longer,  but  fantastic 
groups  of  eroded  rocks,  like  those  of  Montpellier-le-Vieux. 

To  explain  the  regime  of  the  under-ground  waters  of  the 
(yausses,  the  course  of  the  Bramabiau  was  traced,  from  its 
disappearance  in  a  cavern  on  the  surface  of  the  plateau  as 
an  open-air  stream  known  as  "  le  Bonheur,"  to  its  reappear- 
ance in  the  valley,  where  it  issues  from  a  cavern  in  the  face 
of  the  clifi'  at  a  level  of  295  feet  lower. 

Two  ancient  sub-aerial  beds  of  this  stream  have  left  well- 
marked  traces  on  the  surface  of  the  plateau  (which  seems  to 
have  been  the  site  of  an  ancient  lake),  proving  that  the 
waters,   before    having    worn    their    present    imderground 
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channel,  were  precipitated  over  the  edge  of  the  clifPs  into  the 
valley  by  a  cascade  of  260  feet  in  height. 

The  whole  course  of  the  underground  stream  has  been 
traced  by  M.  Martel.  The  exploring  party,  though  not  able 
to  follow  the  course  of  the  stream  all  the  way,  owing  to  its 
being  sometimes  lost  in  impenetrable  fissures,  was  enabled, 
by  taking  advantage  of  old  watercourses,  now  dry  galleries, 
to  pick  up  the  stream  at  lower  levels,  thus  eight  cascades  of 
varying  height  were  encountered,  as  well  as  several  small  lakes 
and  numerous  hidden  springs  which  were  feeders  to  the  stream. 
The  exit  of  the  stream  into  the  valley  in  a  recess  of  two 
great  walls  of  rock  of  nearly  400  feet  in  height  arrests 
attention.  The  great  cleft  has  been  undoubtedly  produced 
by  prolonged  erosion  and  the  falling  in  of  underground 
caverns,  a  work  which  is  still  going  on,  as  exemplified  by  an 
examination  of  the  interior  course  of  the  river. 

The  great  height,  160  to  290  feet,  of  the  narrow  sub- 
terranean galleries,  through  which  the  stream  makes  its 
way,  is  remarkable  whilst  the  arched  character  of  the  roof 
also  claims  attention. 

What  does  this  demonstrate,  but  that  you  have  in  the 
underground  course  of  the  Bi*amabiau,  an  exemplification 
of  a  veritable  gorge  in  the  process  of  formation,  that  in  the 
course  of  time,  those  vaulted  roofs  which  at  present  support 
the  plateau  of  Camprieu,  will  have  succumbed  under  the 
slow  but  continuous  efibrt  of  erosion,  and  that  an  open  gorge 
will  be  the  result,  through  which  the  stream  will  flow,  like 
that  of  many  an  Alpine  torrent,  whose  narrow  gorges  are 
simply  the  enlarged  fissures  of  the  rock,  through  which  the 
torrent  has  cut  its  way. 


After  the  exhibition  of  a  series  of  beautiful  and  entirely 
new  photographic  views  which  followed  the  address, 


456 

The  Chairman  said :  I  have  listened  with   yery  great 
pleasure  to  the  very  interesting  lectore  which  Mr.  Stirrup 
has  been  good  enough  to  give  us  this  evening.     As  it  is 
rather  late,  I  will  not  call  upon  any  gentleman  to  move  a 
formal  vote,  but  ask  you  to  allow  me  to  give  expression  to 
your  feeling — that  we  are  much  indebted  to  Mr.  Stirrup  for 
this  very  interesting  communication.     I  think  some  of  the 
members  must  have  visited  regions  in  Derbyshire  and  York- 
shire strikingly  like  those  described  by  Mr.  Stirrup  to-night ; 
where  these  same  phenomena  may  be  seen,  although  not  on  such 
a  very  large  scale.     There  are  one  or  two  points  which  inter- 
ested me  very  much  in  the  paper.    Of  course,  in  this  country, 
we  have  not  very  large  accumulations  of  Dolomite,  we  do 
not  get  these  fantastic  appearances — not,  at  least,  of  such 
extent, — but  in  the  mountain  limestone  we  do  get  pheno- 
mena of  precisely  the  same  sort ;  and  although  our  subter- 
ranean streams  are  not  to  be  compared  with  those  of  France, 
yet    we    have   some  subterranean   streams  which    can   be 
explored.    Those  round  Ingleborough  are  sufficiently  large  to 
give  one  a  certain  amount  of  excitement  in  the  work  of 
exploration.    It  was  my  good  fortune  many  years  ago  to  spend 
a  considerable  time  in  exploring  some  of  those  places,  and  I 
listened  with  the  greatest  possible  pleasure  to  the  adventurous 
exploits  of  the  French  geologists  in  these  very  dangerous 
caverns.    At  the  bottom  of  one  pot-hole  under  Ingleborough, 
we  had  to  work  down  stream  ;  Mr.  Birkbeck,  of  Settle,  and 
some  others  of  us  were  let  down  a  vertical  hole,  about  200  ft. 
deep,  with  a  cascade  falling  on  our  heads  the  greater  part  of 
the  way,  and  at  the  bottom  a  series  of  waterfalls.     We  had 
a  ladder  with  us,  and  men,  and  we  experienced  considerable 
difficulty  in  so  fixing  the  ladder  as  to  avoid  the  deep  pool 
which  is,  as  a  rule,  always  at  the  bottom  of  the  waterfalls. 
All  round  Ingleborough  there  are  large  numbers  of  caverns, 
in  which  any  of  you  can  have  the  same  sort  of  amusement 
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if  you  really  care  to  take  the  trouble.  There  is  one  hole  in 
particular,  called  Helu  pot,  some  eight  or  nine  miles  from 
Settle ;  there  are  several  caverns  opening  into  Heln  pot, 
which  it  is  possible  to  penetrate  without  much  danger,  and 
where  you  can  observe  all  these  phenomena  which  have 
been  described  to  us  this  evening.  From  my  experience  in 
these  places  I  do  not  feel  justified  in  supposing  that  there 
was  a  greater  body  of  water  in  olden  times  than  there  is  at 
present. 

Mr.  Stirrup  :  There  is  one  thing  I  would  wish  to  say,  the 
Society  is  very  much  indebted  to  Mr.  Bowler  for  the  loan 
of  his  lantern,  and  to  Mr.  Leach  for  his  kind  assistance  this 
evening.  The  least  we  can  do  is  to  give  these  gentlemen  a 
hearty  vote  of  thanks.  All  they  require  at  our  hands  is  an 
appreciation  of  their  services.  You  will,  I  think,  agree 
with  me  that  we  have  had  a  very  good  lantern  exhibition, 
and  the  slides  have  been  presented  to  us  in  a  very  masterly 
way. 

Mr.  SowERBun^:  Whilst  expressing  the  very  great 
pleasure  with  which  I  have  listened  to  the  address,  I  would 
like  to  say  that  the  members  of  this  Society  will  make  a 
great  mistake  if  they  do  not  study  very  carefully  the 
admirable  monograph  which  Mr.  Stirrup  has  placed  upon 
the  table,  "Les  C^vennes  et  la  Region  des  Causses,  par 
E.  A.  Martel.*'  I  have  rarely  got  hold  of  so  fascinating  a 
book.  I  am  sure  Manchester  has  been  very  fortunate  indeed 
in  having  got  from  the  author  of  the  book  these  lantern 
slides,  which  are  authentic,  and  the  book  itself,  which  is 
remarkably  well  written.  How  they  can  produce  in  France 
a  book  like  that  for  five  francs  I  do  not  know.  We  get 
nothing  like  it  in  England  for  the  money.  I  wish  we  could 
have   monographs   published   here  in    the   same    brilliant 

style. 
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Mr.  Stirrup  said  he  wished,  before  the  meeting  separated, 
to  say  that  the  galleries  of  the  museum,  including  that 
which  contained  the  Egjrptian  antiquities,  were  open  to 
inspection,  and  the  members  were  invited  to  see  them. 

The  Chairman  :  I  would  just  like  to  say  also  that  there 
is  a  collection  of  objects  in  the  Geological  Museum  which 
illustrate  the  phenomena  described  in  the  paper,  which  I 
have  been  engaged  many  years  in  collecting.  I  may  say 
to  those  gentlemen  who  have  not  been  able  to  lay  hold  of 
the  monograph,  that  if  they  will  refer  to  a  book  I  published 
about  18  years  ago — "Cave  Hunting" — they  will  find  a 
description  of  the  principal  points  which  have  been  put 
before  us  this  evening — relating,  of  course,  only  to  this 
country. 

The  meeting  then  separated. 


TRANSACTIONS 

OF   THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Pakt  XVII.  Vol.  XX.  Session  1889-90. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  February  11th,  1890,  at  the  Rooms  of  the  Man- 
chester Literary  and  Philosophical  Society,  George  Street. 

The  President,  Henry  Hall,  Esq.,  in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  imani- 
mously  elected  Ordinary  Members  of  the  Society: — 

James  Mc.Geevor,  Garswood  Hall  Colliery,  Wigan. 
Alfred  E.  Webster,  Mining  Engineer,  The  Wigan  Coal 

and  Iron  Company,  Limited,  Wigan. 
Illingworth  Law,  Mining  Engineer,  Waterfoot,  near 

Manchester. 
Richard  Burrows,  Mayfield  Road,  Eccles. 
Maunsell  Mercier,  King  Street,  Wigan. 


Mr.  Stirrup  (Honorary  Secretary)  drew  the  members' 
attention  to  some  recent  additions  to  the  Society's  Library, 
lying  on  the  table,  which  included  a  series  of  Memoirs  of 
the  Geological  Survey  of  Great  Britain,  relating  to  the 
Northern  Counties,  which  had  been  purchased.     These,  he 
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said,  would  be  found  extremely  valuable  for  consultation. 
There  was  also  a  large  number  of  works  from  American  and 
other  Corresponding  Societies,  which  deserved  attention. 

Mr.  Stirrup  went  on  to  say :  Since  our  last  meeting  in 
these  rooms  we  have  lost,  by  death,  one  of  our  members, 
Mr.  Daniel  Adam  son,  a  gentleman  whose  name  and  fame  is 
known  to  all  of  you.  He  was  elected  a  member  in  1877, 
and  who,  although  he  was  not  able  to  devote  the  time  to 
attend  our  meetings,  nevertheless,  I  know,  took  a  great 
interest  in  the  proceedings,  of  which  he  gained  a  pretty 
accurate  knowledge  from  the  perusal  of  our  Transactions. 
It  will  also  be  remembered,  as  a  proof  of  his  interest  in  the 
Society,  that  he,  some  eighteen  months  ago,  invited  us  to 
visit  the  Lincolnshire  iron-fields,  and  the  iron- works  which 
he  had  established,  now  belonging  to  the  North  Lincolnshire 
Company.  Those  members  who  were  present  on  that 
occasion  will  remember  the  very  hearty  reception  they  got 
from  Mr.  Adamson,  and  will  also  recollect  the  characteristic 
address  which  he  gave  after  the  luncheon,  an  address  which 
showed  that  he  possessed  a  sound  knowledge  of  the  funda- 
mental principles  of  geology.  I  think  it  is  our  duty,  on 
this,  the  first  occasion  that  has  presented  itself  since  his 
death,  to  pass  a  vote  of  condolence  with  his  widow  and 
family.  I,  therefore,  move  that  it  be  an  instruction  to  the 
Hon.  Secretaries  to  forward  a  vote  of  condolence  to 
Mrs.  Adamson  and  family. 

Mr.  Dickinson  seconded  the  motion,  which  was  unani- 
mously carried. 


Mr.  Stirrup  called  attention  to  a  pamphlet  ("Extract. 
Ges.  Isis  in   Dresden)    which   had   been  sent   to   him   bv 
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Mr.  C.  Roeder  for  the  Society,  in  which  Professor  Geinitz, 
of  Dresden,  gave  the  results  of  his  examination  of  a 
collection  of  fossils  from  the  Permian  beds  of  the  Manchester 
district.  A  cutting  had  recently  been  opened  near  Stock- 
port, and  some  fresh  fossils  there  picked  up,  which  had, 
with  some  older  species,  been  sent  to  Dresden.  Dr.  Geinitz 
had  gone  through  them  and  had  published  a  little  paper 
upon  them,  entitled  "  XJeber  die  rothen  und  bunten  Mergel 
der  Oberen  Dyas  bei  Manchester,"  which,  so  soon  as  he 
(Mr.  Stirrup)  had  opportunity,  he  would  translate  into 
English,  and  read  at  a  meeting  of  the  Society,  in  order  that 
it  might  appear  in  their  Transactions,  with  some  addititional 
remarks  from  Mr.  C.  Roeder. 


''STIGMARIA  FICOIDES"  FOUND  IN  A  MINE  AT 
OVER   DARWEN,  LANCASHIRE. 

By  Mr.  Richard  Walkden. 


The  fossil  that  I  have  the  pleasure  of  bringing  before  the 
Society  to-day  was  found  at  Messrs.  Ralph  Entwistle  and 
Co.'s  Cranberry  Lane  Colliery,  Over  Darwen.  The  mine 
being  worked  at  this  colliery  is  commonly  known  in  the 
district  as  the  Lower  Mountain  Mine,  or  Seventy  Yards' 
Mine,  and  is  also  called  the  Half- Yard  Mine ;  but  it  is  the 
seam  lying  between  the  Lower  Foot  and  the  Yard  or 
Mountain  Mine  of  this  district.  The  floor  of  the  coal  seam 
is  a  workable  fireclay,  and  the  floor  of  the  fireclay  is  a  very 
hard  gannister  rock,  and  the  fossil  was  foimd  at  about  73 
yards  below  the  surface  of  the  ground,  three-parts  buried  in 
the  fireclay  and  one-part  in  the  gannister  rock,  but  lying 
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parallel  with  the  dip  of  the  strata.     The  strata  at  that  part 
dip  at  the  rate  of  1  in  11,  and  the  fossil  lay  along  the  direc- 
tion of  the  greatest  dip,  with  the  pointed  end  lowest.     It  is 
about  16  feet  long,  and  somewhat  elliptical  in  section,  the 
long  axis  of  the  ellipse  measuring  three  to  four  inches,  and 
the  short  axis  two  to  three  inches ;  but  about  six  inches  of  the 
end  that  lay  furthest  from  the  trunk  is  tapered  and  pointed. 
There  is  a  groove  running  along  the  major  part  of  its  length, 
and   the   fossil   is   indented   with  shallow   roundish    holes 
over  a  great  portion  of  its  surface.     The  trunk  to  which  it 
was  attached  was  30  inches  in  diameter,  but  owing  to  it 
being  almost  embedded   in   the   hard  rock,  and  the  very 
awkward  and  confined  situation,  I  am  sorry  to  have  to  say 
that  I  could  not  get  the  trunk  out.     I  found  parts  of  other 
roots  which  appeared   to   point   towards  the  trunk.     The 
substance  of  which  it  is  composed  looks  much  like  fireclay 
impregnated  with   a  little  iron,  but   the  outer  surface    is 
somewhat  black  and  is  smooth. 


Mr.  James  Grundy  said :  I  did  not  see  this  specimen  in 
situ,  but  on  seeing  a  portion  of  it  at  the  colliery  I 
encouraged  the  Manager  to  try  and  get  it  out  if  possible. 
You  will  appreciate  his  difficulties  when  I  say  that  in  the 
part  where  the  fossil  was  found  the  coal  had  been  cut  out 
for  a  considerable  time,  and  he  had  to  explore  a  spot  where 
the  roof  had  given  way.  He  followed  it  in  the  fire-clay  as 
far  as  he  could,  getting  piece  after  piece  out,  until  he  came 
to  the  root  itself,  or  central  stem,  which  was  found  to  be 
about  30  inches  in  diameter  each  way ;  but  the  rock  being 
so  hard,  and  the  root  in  such  a  confined  situation,  it  was 
impossible  to  get  it  out. 
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Mr.  Stirrup  :  I  think  we  are  very  much  indebted  to  Mr. 
Walkden  for  exhibiting  this  specimen,  which,  as  we  have 
heard  from  Mr.  Grundy,  took  so  much  trouble  to  procure.  It  is 
a  fine  specimen  of  a  branch  of  a  stigmarian  root,  which,  though 
longer  than  any  of  the  root  branches  of  the  large  stigmaria 
now  to  be  seen  at  the  College,  is  shorter  than  that  which 
Professor  Williamson  measured  in  the  ground  at  Messrs. 
Briggs  quarry  near  Clayton,  Bradford,  in  Yorkshire,  which 
was  found  to  be  upwards  of  37  feet  from  exterior  of  base  of 
central  stem  to  tip.  The  specimen  before  us  is  interesting 
from  the  circumstance  that  the  markings  upon  it  are  clear 
throughout  its  whole  length,  and  that  it  has  retained  it& 
original  cylindrical  shape  to  the  terminal  point.  In  many 
cases  the  roots  are  so  crushed  and  compressed  that  we  do  not 
get  their  markings,  which  are  simply  the  scars  left  by  the  little 
rootlets  which  have  spread  all  around  into  the  clay.  These 
rootlets  of  course  are  gone,  though  you  find  them  often  dis- 
seminated through  the  fire-clay.  The  clearness  of  the  scars, 
I  take  it,  may  mean  that  this  has  been  the  root  of  a  younger 
tree  than  the  large  example  to  be  seen  at  the  Owens  College. 
As  the  tree  gets  older  no  doubt  these  markings  become 
more  effaced.  I  would  like  to  ask  Mr.  Walkden  if  he  is 
willing  that  this  specimen  should  be  given  to  the  Museum. 

Mr.  Walkden  :  It  will  give  me  very  great  pleasure  to 
do  so. 

The  President  :  Has  it  drifted,  or  does  it  belong  to  the 
stratification  in  which  it  was  found  ? 

Mr.  Stirrup  :  My  view  is  that  it  is  the  root  of  a  tree 
which  has  grown  upon  the  spot  where  it  was  foimd,  as 
shown  by  the  sketch  of  its  position  in  the  strata.  There 
are  no  doubt  other  branches  of  the  root  in  sitdy  but  from 
the  difficult  position  they  could  not  be  got  at. 
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Mr.  Walkden  :  There  were  a  few  more  pieces  visible, 
but  nothing  like  this. 

Mr.  Stirrup,  in  reply  to  an  observation  of  the  President, 
said  the  filling  of  the  specimen  was  evidently  of  the  same 
material  as  the  fire-clay  bed  and  not  ordinary  sandstone. 

On  the  motion  of  Mr.  Stirrup,  the  best  thanks  of  the 
meeting  were  given  to  Mr.  Walkden  and  Mr.  Gnmdy. 


Discussion  on  Professor  Hull's  paper,  read  at  the  December 
meeting, 

"  ON  THE  PROBABLE  DEPTH  AT  WHICH  COAL 
IS  NOW  BEING  WORKED  IN  THE  BRITISH 
ISLES." 


Mr.  Gascoigne  (Ashton  Moss,)  in  opening  the  discussion, 
said :  I  happen  to  have  passed  considerable  time  in  York- 
shire, Nottinghamshire,  and  Derbyshire,  and  am  pretty  well 
acquainted  with  all  the  collieries  in  those  counties.  I 
noticed,  when  this  subject  was  previously  discussed,  that  it 
was  pointed  out  that  the  depths  of  the  shafts  in  collier}'^ 
districts  do  not  bear  any  reliable  relation  to  the  depths  at 
which  coal  is  worked;  and  find  in  Mr.  Hull's  paper  the 
deepest  colliery  working  is  given  as  700  yards.  Now  at  the 
Thrybergh  Hall  Colliery,  which  is  in  the  same  royalty  as  the 
one  at  which  I  was  working  before  I  came  into  this  district, 
the  depth  of  the  shaft  was  about  200  yards,  but  they  are 
working  the  coal  at  a  depth  of  975  yards.  The  measures 
dip  from  the  shaft  about  17  inches  to  the  yard.  Such  a 
depth,  I  noticed,  was  not  mentioned  at  all  in  the  paper. 
Then  there  is  the  Kiveton  Park  Colliery,  which  has  been 
sunk  down  to  the  Silkstone  Coal,  a  depth  of  800  yards. 
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Mr.  Dickinson  :  Is  not  Kiveton  Park  in  Yorkshire  ? 

Mr.  Gascx)ione:  Yes;  and  so  is  the  Thrybergh  Hall 
Colliery;  but  Mr.  Hull's  paper  refers  to  Nottinghamshire 
and  Derbyshire,  and  I  believe  also  to  the  Yorkshire  coal 
field.  I  may  say  it  has  fallen  to  my  lot  to  be  engaged 
at  a  colliery  where  they  are  working  coal  at  over  1,000  yards 
deep,  and  we  do  find  there  a  difficulty  in  keeping  the 
workings  thoroughly  ventilated — I  mean  as  regards  being 
comfortable.  It.  seems  to  me  that  where  the  temperature 
gets  above  85°  it  is  necessary  to  have  very  short  splits  in  the 
ventilation  in  order  to  keep  the  workings  in  a  condition 
which  shall  be  comfortable  for  the  men.  My  object  in  rising 
was  to  point  out  to  you  that  there  are  in  Nottinghamshire^ 
Derbyshire,  and  Yorkshire,  collieries  working  at  greater 
depths  than  those  spoken  of  by  Professor  Hull  in  his  paper. 
There  are  seams  dipping  at  higher  angles  than  are  generally 
supposed  by  people  outside  the  district. 

The  President  :  What  do  you  consider  the  ultimate  depth, 
or  the  highest  temperature  at  which  men  could  reasonably 
be  expected  to  work  ? 

Mr.  Gascoigne  :  I  am  not  quite  in  a  position  to  state.  It 
depends  much  on  circumstances.  The  temperature  does  not 
always  increase  in  proportion  to  the  depth.  For  instance,  I 
know  a  colliery  600  yards  deep,  where  the  temperature  is 
86°,  and  there  are  collieries  900  and  1,000  yards  where  the 
temperature  does  not  exceed  86°;  but  I  do  certainly  think 
that  at  1,000  yards  the  colliers  do  not  seem  to  be  able  to  do 
the  same  amount  of  work  which  is  possible  at  600  yards 
depth.  That  is  the  conclusion  I  have  come  to.  You  will 
find  in  a  stall  with  a  seam  the  same  thickness,  and  with  other 
conditions  the  same,  such  as  length  of  stall  and  facilities  for 
getting  coal,  that  at  1,000  yards  below  the  surface  the  men 
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do  not  get  as  much  coal  as  they  will  do  at  more  moderate 
depths.  I  may  say  that  our  stalls  are  40  yards  long,  and 
some  of  our  men  do  not  get  above  30  tons  per  week,  and  50 
tons  is  a  fair  get  for  one  of  those  40  yards'  stalls ;  so  that  I 
think  the  temperature  has  already,  at  1,000  yards  depth, 
begun  to  show  some  effect  upon  the  tonnage  of  coal  to  be 
worked  from  those  stalls. 

Mr.  ToNGE :  May  I  ask  how  many  men  are  in  those 
stalls  ? 

Mr.  Gascoigne  :  There  are  four  men  in  each  40  yards' 
stall. 

Mr.  ToNGE :  So  that  the  four  men  would  only  send  up 
30  tons  a  week  amongst  them? 

Mr.  Gascoigne  :  Of  course  some  men  can  send  more  than 
others,  but  50  tons  seems  to  be  about — well,  I  will  call  it  a 
fair  output  from  a  40  yards'  place  at  a  depth  of  1,000  yards. 

Mr.  ToNGE  :  What  thickness  of  seam  ? 

Mr.  Gascoigne  :  Three  feet  eight  inches. 

Mr.  Dickinson  :  Since  the  publication  of  Professor  Hull's 
paper  in  the  TrufisactioiUi,  with  the  discussion  which  took 
place  upon  it,  I  have  had  a  letter  from  the  Professor  in 
which  he  says  that  from  some  observations  that  were  made, 
the  object  of  the  paper  was  apparently  not  sufficiently 
understood.     The  letter  is  as  follows : — 

Geological  Sui-voy  of  Ireland, 

Office,  14,  Hume  Street,  Dublin, 

10th  February,   1890. 
Dear  Mr.  Dickinson, 

I  observe  that  in  the  discussion  which  took  place  at  the  meeting  of 

the  Manchester  Geological  Society  on  my  paper  on  * '  The  Probable 

Average   Depth   of    British   Coal-mining,"*    some   uncertainty   was 

expressed  in  reference  to  the  object  of  the  paper  itself.     I,  therefore, 

Ask  permission  to  say  a  few  words  in  explanation. 

•  Transactions,  Vol.  XX.,  p.  420. 
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I  think  it  will  be  clear  on  consideration  that  if  there  really  be  a 
physical  limit  to  the  depth  at  which  coal  can  ultimately  be  worked, 
that  limit  will  not  be  determined  by  the  workings  of  one  colliery  here, 
or  another  there.  Some  collieries,  from  the  peculiar  excellence  of 
the  coal  seam  itself,  or  from  its  thickness  or  other  causes,  may  be 
able  to  extract  coal  at  depths  beyond  the  generality  of  mines.  For 
this  cause,  when  we  speak  of  the  limit  of  workable  depth,  we  speak, 
not  of  any  individual  coal- working,  but  of  coal- workings  in  the 
aggregate,  and  this  is  to  be  measured  by  the  average  depth,  or  depth 
of  maximum  coal -production.  This  is  what  I  was  aiming  at  in  my 
paper.  The  system  adopted  in  Belgium  which  you  describe  seems 
calcidated  to  allow  this  question  of  average  depth  to  be  very  accurately 
determined ;  and  as  regards  the  difference  of  levels  at  which  the  same 
seam  is  worked  in  British  mines,  it  is  probable  that  where  the  coal  is 
worked  both  above  and  below  the  level  of  the  shaft,  the  depth  of  the 
shaft  itself  would  be  found  a  sufiRciontly  close  approximation. 

Yours  faithfully, 

EDWARD  HULL. 

You  will  (Mr.  Dickinson  continued)  recollect  that  in  what  I 
said  I  gave  an  instance  of  one  colliery  where  a  part  of  the 
workings  in  the  same  seam  was  actually  400  yards  deeper 
on  the  dip  than  it  was  on  the  rise,  and  that  there  was  no 
coal — or  little,  if  any  coal — ^being  worked  on  the  rise  of  the 
pit  shafts ;  so  that  there  you  have  a  variation  of  400  j'ards 
from  the  pit  shaft  without  anything  to  counterbalance  it. 

Mr.  Clay  :  The  colliery  with  which  I  am  connected  at 
Dukinfield  is  the  Black  Mine,  and  I  have  made  it  my 
study  to  ascertain  the  amount  of  coal  a  man  can  get. 
The  temperature  in  working  places  runs  81®,  82°,  and  even 
90°,  and  in  a  temperature  of  81°,  in  the  Black  Mine,  two 
men  can  get  16  tons  a  day,  that  is  at  986  yards  vertical 
depth  from  the  surface.  In  the  Cannel  Mine,  50  yards 
below,  the  cannel  runs  from  30  inches  to  5  feet  thick,  and  I 
have  seen  the  same  quantity  got  there.  It  must  be  said, 
however,  that  the  coal  is  not  hard. 
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The  President  :  Will  you  kindly  give  us  your  views  on 
the  question — speaking  from  your  experience  in  that  deep 
mine — at  what  temperature  does  the  men's  day's  work  begin 
t/O  be  affected  ? 

Mr.  Clay:  I  think  it  is  affected  if  the  temperature  is 
above  83°.  But  the  most  laborious  work,  in  getting  coal,  is 
not  where  the  pit  is  so  deep.  In  our  Astley  deep  pit  the 
men  can  get  even  more  coal  than  they  can  in  the  Roger 
Mine. 

The  Pkesident  asked  at  what  temperature  they  could 
keep  the  men  working. 

Mr.  Clay  :  From  82°  to  84^ 

Mr.  Gascoigne  :  When  I  spoke  of  the  small  output  per 
stall,  I  lyas  comparing  it  with  a  colliery  I  know  where  the 
seam  is  the  same  thickness,  and  the  coal  similar  in  quality, 
taking  about  the  same  amount  of  labour  to  get.  There  they 
got  100  tons  per  week  in  a  40  yards'  stall.  But  I  am  speak- 
ing now  of  the  Ashton  Moss  Colliery,  where  they  get  only 
50  tons  per  stall  at  a  depth  of  1,030  yards. 

The  President  :  100  tons  as  against  50. 

Mr.  Gascoigne  :  Yes ;  100  tons  at  the  lesser  depth  and  50 
at  the  greater.  I  believe  our  Black  Mine  coal  is  more 
difficult  to  get  than  the  Dukinfield.  It  is  scarcely  so  thick 
for  one  thing,  and  there  is  more  roof  to  move  and  to  break 
down. 

The  President:  I  think,  gentlemen,  from  what  has  been 
said  by  the  members  who  have  spoken,  that  there  is  no 
doubt  we  are  approaching  the  depth  at  which  the  men 
will  send  up  a  smaller  quantity  of  coal  than  they  do  at 
present  from  depths  which  are  not  so  great,  and  I  should 
just  like  to  mention  one  or  two  little  matters  that  have  some 
bearing  upon  this  point.     I  see  that  Professor  Hull   has 
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read  a  paper  in  Edinburgh  since  our  last  meeting,  and  he 
there  states  that  the  duration  of  our  coal  would  be  something 
like  1,000  years,  or  over  1,000  years.  From  this  it  would 
appear  that  he  must  assume  that  we  shall  be  able  to  work 
coal  at  much  greater  depths  than  mining  men  have  ever 
thought  it  would  be  practicable  to  work,  or  else  he  must 
imderrate  the  demand  for  coal.  Well,  personally,  I  do  not 
see  any  reason  to  assume  that  our  successors  should  be  less 
anxious  to  produce  a  large  quantity  of  coal  than  we  our- 
selves. Professor  Hull  may  think  that  there  is  no  means  of 
producing  a  larger  quantity,  but  if  you  bear  in  mind  that  at 
the  present  time  the  coal-pits  of  the  country  only  draw  coal 
about  nine  hours  a  day,  I  do  not  think  there  is  much  to  fear 
from  that  difficulty.  If  the  pits  were  all  put  on  24  hours  a 
day,  and  there  was  a  demand  for  the  coal,  our  coal-fields  would 
be  exhausted  in  something  like  300  years,  as  stated  in  my 
address  at  the  commencement  of  the  session.  Since  our  last 
meeting  I  have  had  a  communication  from  Mr.  Whittaker, 
in  which  he  states  that  with  regard  to  the  coal-field  or 
supposed  coal-field  in  the  South  of  England,  they  are  trying 
to  raise  funds  to  put  down  a  deep  bore-hole,  in  order  to  tell 
whether  there  is  coal  there,  once  for  all.  So  that  there  is 
now  an  opportunity  for  anyone  who  holds  the  opinion  very 
strongly  that  there  is  coal  there,  to  subscribe  to  that  fund. 
There  is  one  other  point  which  I  think  will  be  of  interest 
to  geologists,  it  is  as  to  whether  the  coal  exists  on  the  site 
where  the  trees  grew  or  whether  it  has  drifted  into  that 
position.  I  imderstand  that  most  English  geologists  hold 
that  coal  is  now  found  on  the  site  of  the  carboniferous 
forests.  There  was  an  interesting  paper  read  by  Mr.  Sawyer, 
of  the  Midland  Institute,  on  the  South  African  coal-field,  in 
which  he  says,  that  appearances  are  against  the  view  that 


470 

the  coal  has  grown  in  the  position  in  which  it  is  found. 
Some  other  gentlemen  have  written  to  me,  amongst  them 
Mr.  Galloway,  a  deep  thinker  and  close  reasoner,  and  he 
holds  the  opinion  very  strongly  that,  with  few  exceptions, 
the  coal  deposits  were  drifted  into  the  positions  in  which 
we  now  find  them.  He  believes  that  geologists  will  have 
to  give  up  part  of  their  faith  in  the  theory  that  coal  is  now 
found  on  the  site  of  the  forests  to  which  it  owns  its  origin. 

Mr.  Oldham,  in  the  course  of  a  few  remarks,  said  that  in 
a  paper  he  intended  to  read  before  the  Society,  he  had  no 
doubt  he  should  be  able  to  solve  the  whole  difficulty. 

Mr.  Stirrup  :  Our  President  has  opened  up  a  very  debate- 
able  question,  namely,  as  to  whether  the  coal-fields  are  the 
result  of  drifted  vegetation  or  the  product  of  vegetation 
grown  on  the  spot :  that  is  a  question  which  I  fear  at  this 
advanced  period  of  the  afternoon  it  will  hardly  be  possible 
for  us  to  discuss.  I,  for  one,  have  my  own  views  on  that 
question,  but  I  think  it  would  not  be  well  now  to  enter  upon 
the  discussion. 

Mr.  Bramai.1  said  :  We  are  working,  at  Pendleton,  about 
1,000  yards  below  the  surface — the  greater  part  of  the 
workings  in  that  colliery  run  from  about  850  to  1,000  yards 
vertical  depth :  but  we  have  not  found,  taking  the  mine  all 
through,  that  the  men  do  any  less  work  than  is  done  in  the 
same  mine  at  lesser  depths.  Of  course  there  is  a  great 
difference  amongst  the  men.  We  have  sets  of  men  who 
apparently  without  any  reason — except  that  they  are  better 
men — send  up  double  the  quantity  of  coal  that  others  do. 
It  all  depends  on  their  skill  in  working.  But  taking  the 
average,  although  the  temperature  is  85*^  to  87"",  we  do  not 
find  so  great  a  difference  that  they  cannot  do  the  same 
amount  of  work  as  in  other  workings  of   the  same   mine, 
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where  the  depth  is  not  so  great.     It  all  depends  on  the 
way  in  which  the  weight  is  dealt  with. 

Mr.  Gascoigne  :  Our  depth  is  about  1,030  yards,  and  we 
are  now  commencing  to  open  out  mines  lying  deeper  still. 
I  am  unable  to  say  what  the  temperature  will  be  as  we  get 
lower  down.  I  have  not  had  an  opportunity  of  testing  what 
the  temperature  is  at  Ashton  Moss  Colliery.  We  have 
thermometers  here  and  there  in  the  workings,  but  as  they 
will  be  affected  by  the  atmosphere  of  the  mine  I  cannot  give 
you  the  temperature  of  the  strata.  I  have,  however,  a 
thermometer  sent  me  by  the  British  Association  for  taking 
the  temperature  of  the  seams.  I  will  make  use  of  it  and 
let  you  know  what  the  results  are.  I  am  sorry  that  my 
experience  at  Ashton  Moss  does  not  seem  to  agree  with  that 
of  other  members  of  the  Society,  but  I  have  been  there  only 
a  short  time,  and  the  fact  mentioned  should  be  borne  in 
mind,  that  there  is  a  great  difference  in  men.  Perhaps 
when  I  have  been  there  longer  I  shall  be  able  to  form  a 
better  idea  of  the  effects  of  temperature  on  the  amount  of 
work  a  man  can  do  at  these  different  depths. 


THE  SALT  DEPOSITS  OF  THE  UNITED   STATES 
OF  AMERICA  AND   CANADA. 

With  Notes  of  a  Visit  to  the  most  important  of  them. 

By  Mr.  Thomas  Ward,  J.P. 


Having  been  sent  out  in  the  summer  of  1889  to  report  on 
the  chief  salt  works  of  the  United  States  and  Canada,  I  had 
an  opportunity  of  visiting  the  most  important  salt  deposits 
in  North  America.     My  object  being  more  particularly  to 
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inspect  the  manufacture  of  white  salt,  and  my  time  being 
very  limited,  I  could  not  give  that  attention  to  the  geology 
of  the  salt  as  I  otherwise  should  have  liked  to  have  done. 
In  the  space  of  three  weeks  I  travelled  over  4,000  miles  of 
territory,  and  inspected  over  50  sets  of  salt  works,  so  my 
leisure  for  studying  geology  was  very  little.  By  dint  of 
enquiries,  and  by  noting  carefully  the  physical  features  of 
the  coimtry  through  which  I  passed,  T  gathered  a  good  deal 
of  interesting  information. 

Until  quite  recently  salt  was  known  to  exist  in  but  few  of 
the  States.  Brine  had  been  known,  and  salt  manufactured 
for  over  a  century  at  Syracuse  and  Onondaga,  in  Central 
New  York  State ;  but  it  is  only  within  the  last  year  or  two 
that  rock  salt  has  been  discovered  at  Tully,  a  short  distance 
to  the  south  of  Syracuse.  The  discoveries  of  rock  salt  in  the 
valleys  of  the  Wyoming  and  Genessee  rivers,  in  Western 
New  York,  have  been  made  within  the  last  10  or  12  years. 
In  Canada,  rock  salt  was  found  a  little  more  than  20  vears 
since  ;  whilst  the  enormous  deposits  in  Kansas  have  been 
discovered  less  than  three  years.  The  wide-spread  deposits  of 
Michigan  have  been  gradually  discovered  and  brine  pumped 
during  the  last  30  years.  The  remarkable  deposit  of  rock 
salt  on  Petit  Anse  Island,  in  Louisiana — not  far  from  New 
Iberia,  was  found  in  1862.  Rock  salt  has  been  known  to 
exist  in  Arizona  for  some  short  time,  and  in  Utah.  In  West 
Virginia,  South  Ohio,  and  Pennsylvania,  salt  has  long  been 
known  to  exist.  It  is  only  since  boring  for  petroleum 
became  so  common  that  rock  salt  has  been  extensively 
discovered.  During  the  last  30  years  more  deposits  of  rock 
salt  have  become  known  in  all  parts  of  the  world  than  in  all 
previous  time. 

In  the  year  1886,  I  had  the  privilege  of  reading  a  paper 
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before  tlds  Society  on  "  Rock  Salt."*  The  views  then  put 
forward  have  been  corroborated  by  all  I  saw  and  heard  in 
the  American  salt  districts,  sChd  one  of  the  shrewdest 
American  salt  manufacturers,  Mr.  Thomson,  of  St.  Clair, 
Michigan,  expressed  views  in  all  respects  similar  to  my  own, 
after  carefully  considering  the  question. 

I  left  New  York  on  the  night  of  June  3rd,  1889,  and  on 
awaking  in  the  morning  found  the  train  stopped  on  the 
borders  of  New  York  State,  the  railway  track  having  been 
washed  away  by  floods  of  almost  unprecedented  severity. 
We  were  in  a  river  valley,  and  the  country  around  was  very 
pretty.  The  valley  of  the  Chemung  River,  through  which 
we  had  to  pass,  was  one  scene  of  desolation  caused  by  the 
floods,  and  our  progress  was  very  slow  indeed.  Repeated 
stops  for  repairing  the  track,  or  for  bridging  streams  whose 
bridges  had  been  washed  away,  gave  us  a  good  chance  of 
looking  at  the  scenery.  This  portion  of  New  York  State 
reminded  me  very  much  of  Derbyshire  and  North  Wales, 
only  that  the  rivers  and  valleys  were  larger.  Finding 
ourselves  at  the  close  of  the  day  many  miles  from  our 
destination,  with  broken  bridges  and  wrecked  railway  tracks, 
we  left  the  main  line  at  the  pretty  town  of  Avon  and  took  a 
small  railway  which  landed  us  at  a  very  pretty  town  called 
Geneseo,  in  the  immediate  neighbourhood  of  which  we  first 
came  on  the  salt. 

Geneseo  lies  on  the  slope  of  the  highlands,  over-looking 
the  Genessee  River.  The  scenery  is  beautiful.  Looking 
from  the  balcony  of  the  Big  Tree  Hotel,  we  had  a  most 
extensive  view  of  the  flat  lands  of  rich  alluvial  soil,  bordering 
the  Genessee  River  ;  and  the  rising  land,  beautifully  wooded, 

♦ "  On  Rock  Salt."    By  Thomas  Ward.    Read  before  the  Manchester 
Geological  Society,  January  26th,  1886. 
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wldch  stretched  for  miles  on  the  other  side  of  the  river. 
On  this  flat  land  and  on  the  rising  ground,  are  the  Salt 
Works  of  the  Genessee  Salt  Co.,  and  Livingstone  Ssit  Co., 
at  Pi£Pard,  and  the  celebrated  Rock  Salt  Mine,  called 
Retsof,  i.e.,  Foster  reversed. 

On  June  5th,  we  started  from  Geneseo,  and  crossed  the 
Genessee  River,  still  in  full  flood.  In  driving  for  a  distance 
of  a  mile  or  more  over  the  flat  lands,  our  carriage  was 
sometimes  up  to  the  axles  in  water,  sometimes  in  mud. 
These  flat  lands  are  considered  some  of  the  most  fertile  in 
the  State,  and  the  celebrated  Boston  bean  is  largely  grown 
on  them.  The  Genessee,  like  most  streams  in  a  flat  country 
was  very  winding,  and  the  floods  had  washed  over  at  the 
various  bends,  carrying  with  them  hundreds  of  trees  and 
logs,  and  tearing  up  and  washing  away  scores  of  acres  of 
the  newly  planted  beans  and  the  alluvial  soil  in  which  they 
were  growing.  The  power  of  water  for  tearing  up  and 
transporting  trees  was  well  shown,  as  also,  its  denuding 
force  when  in  contact  with  light  soils.  After  seeing  the 
destruction  wrought  in  all  the  river  valleys,  and  the  wash- 
outs and  destruction  of  roads  for  miles  round,  I  had  a  clearer 
conception  of  the  power  of  water  in  carving  and  altering 
the  face  of  the  earth.  My  three  days  in  the  valleys  of 
Western  and  Southern  New  York  State,  taught  me  many 
lessons  in  denudation  and  erosion. 

The  beds  of  rock  salt  in  the  Genessee  Valley  are  met  with 
from  800  to  900  feet  from  the  surface.  The  system  of 
boring  adopted  is  an  excellent  one  for  commercial  purposes, 
as  the  boring  is  soon  made ;  but  it  is  quite  destructive  of  all 
cores,  and  prevents  a  very  accurate  knowledge  of  the  strata 
being  obtained.  I  had  the  utmost  difficulty  in  getting  any 
reliable  information.     Fortunately,  borings  have  been  made 
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in  many  other  parts  of  New  York  State,  and  a  general 
knowledge  of  the  order  of  the  different  strata  has  been 
obtained.  I  am  deeply  indebted  to  Dr.  Engelhardt,  of 
Syracuse,  for  much  information  respecting  the  salt  deposits 
of  New  York  State.  He  kindly  gave  me  a  copy  of  his 
report,  made  to  the  Superintendent  of  the  Onondaga  Salt 
Springs  in  January,  1889.  This  did  not  come  into  my 
hands  imtil  I  had  finished  my  inspection ;  but  it  is  very 
valuable  in  calling  to  mind  what  I  had  seen,  and  in  supply- 
ing a  mass  of  details  as  regards  the  various  borings  for  salt 
made  in  the  State.  From  the  data  furnished  by  this  report, 
compared  with  the  notes  made  by  me  from  information  on 
the  spot,  it  will  not  be  difficult  to  come  to  a  conclusion  as  to 
the  position  of  the  salt  beds  in  New  York  State.  I  am  not 
conversant  with  the  names  applied  to  the  various  geological 
formations  in  America,  but  I  shall  be  able  partly  to  over- 
come this  difficulty  by  the  help  of  a  pamphlet  sent  to  me 
some  years  ago  by  Professor  St^rrj'  Hunt,  of  Canada. 

To  prevent  dealing  with  the  same  subject  several  times 
over,  I  will  proceed  with  my  tour,  and  complete  my 
inspections  in  New  York  State. 

I  visited  the  salt  works  of  the  Genessee  Salt  Company  and 
the  Livingstone  Salt  Company,  both  at  Piffard,  and  having 
been  entertained  to  luncheon  by  a  son  of  General  Wads  worth, 
a  most  agreeable  gentleman, — who  kindly  pointed  out  the 
various  natural  objects  of  interest  in  the  immediate  neigh- 
bourhood,— I  proceeded  to  the  only  important  rock  salt 
mine  in  America,  viz.,  the  Retsof,  or  Foster,  named  after  a 
New  York  gentleman,  a  large  shareholder  in  the  mine.  I 
regret  very  much,  that,  not  having  been  able  to  communi- 
cate with  the  principals,  I  was  unable — owing  to  a  verj^ 
stringent  rule  in  force — to  descend  the  mine.  Nothing, 
however,  was  lost  by  this,  as  I  am  well  acquainted  with 
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rock  salt  mines ;  and  knowing  the  geology  of  the  district, 
and  seeing  the  salt  as  brought  to  the  surface,  I  was  abk  to 
satisfy  myself  on  all  questions  that  interested  me.  The 
rock  salt  is  of  a  greyish  colour,  being  in  a  light  coloured 
limestone  district,  and  not  of  a  reddish  brown  like  our 
English  rock  salt.  It  is  sent  off  in  large  lumps  for  cattle, 
and  ground  and  used  for  refrigerating  and  curing  purposes. 
Since  this  mine  has  been  opened,  the  use  of  rock  salt  has 
enormously  increased  in  America.  As  I  found  the  officials 
reticent  on  some  points,  I  walked  round  to  inspect  the  waste 
and  refuse  salt  lying  in  the  neighbourhood  of  the  mine.  I 
found  what  I  was  looking  for,  and  had  my  opinions  as  to  the 
origin  of  rock  salt  corroborated.  Far  more  is  to  be  learned 
from  a  lump  of  refuse  salt, — that  is,  one  where  earthy 
matter  predominates, — than  from  the  purest  salt  crystals. 
I  have  brought  the  lump  of  salt  which  I  found,  and  you 
will  notice  the  thick  layer  of  marl  attached  to  the  salt.  The 
regularity  of  the  surface  shows  that  it  was  a  deposit  from 
the  flood-water  brought  into  the  salt  lake  in  which  it  was 
formed.  There  appeared  to  me  an  absence  of  the  large 
perfectly  transparent  crystals  which  are  met  with  in  English 
rock  salt,  and  the  salt  itself  seemed  more  easily  broken  up. 
The  specimen  of  rock  salt  may  be  taken  to  represent  most 
American  rock  salts,  especially  those  found  in  New  York, 
Canada,  and  Michigan. 

Returning  to  Geneseo  and  its  hospitable  hotel ;  the  next 
morning  I  set  out  for  a  long  drive  over  the  lands  bordering 
the  Genessee.  This  part  of  New  York  State  is  very  pretty. 
The  river  cuts  its  way  through  slaty  rocks,  and  runs  through 
deep  gorges  of  the  most  picturesque  description.  Descend- 
ing I  reached  Mount  Morris,  another  salt  town  close  to  the 
Genessee  River.     The  rock  salt  here  lies  at  a  depth  of  over 
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1,200  feet.  Crossing  the  Genessee  by  a  long  wooden  bridge^ 
over  which  rapid  driving  is  prohibited  under  penalty,  as  in 
other  parts  of  America,  I  scaled  the  highlands  and  reached 
a  plateau  about  1,500  feet  above  the  sea  level.  The  day 
being  gloriously  fine — the  scenery  beautiful,  and  population 
very  scant — the  drive  was  of  the  most  enjoyable  kind.  At 
one  part  of  the  road  we  descended  to  look  upon  the  Genessee 
running  through  a  deeply  cut  valley,  with  precipitous  slaty 
rocks.  The  scene  was  one  not  to  be  forgotten  In  all 
places,  except  where  the  bare  face  of  the  rocks  prevented, 
the  banks  were  covered  with  pine  trees,  and  where  the  valley 
widened  out  now  and  again,  beautiful  meadows  of  rich 
alluvial  soil  seemed  spread  out  like  a  carpet.  Descending 
rapidly,  a  little  salt  town  called  Perry  was  reached,  at  the 
outlet  of  a  pretty  little  lake  known  as  Silver  Lake.  The 
rock  salt  here  was  over  t^,000  feet  deep,  and  the  slatey  rocks 
came  to  the  surface.  These  rocks  are  over  1,400  feet  thick, 
and  had  been  bored  through  to  reach  the  salt.  The  owner 
of  the  salt  works  made  cider,  and  his  cellars  were  hewn  out 
of  the  solid  slatey  rock  of  the  district.  Leaving  Perry,  and 
driving  alongside  Silver  Lake,  and  hence  further  south,  we 
reached  Silver  Springs  or  Gainesville,  and  here  the  rock  salt 
was  2,124  feet  from  the  surface.  At  Castile,  not  far  distant, 
which  I  was  unable  to  visit,  the  salt  was  reached  at  a  depth 
of  2,'J70  feet,  being  the  deepest  salt  boring  in  New  York 
Stat€.  The  salt  works  of  Duncan  &  Co.,  at  Silver  Springs, 
were  very  interesting.  I  proceeded  by  way  of  Rock  Glen 
Salt  Works,  where  the  salt  was  2,015  feet  from  the  surface, 
to  Warsiiw.  The  country  was  very  scantily  populated^  and 
the  roads,  which  frequently  crossed  railway  tracks,  very 
poor,  as  they  are  generally  in  America.  They  were  especially 
bad  at  the  time  of  my  visit,  having  been  literally  washed 
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away  by  the  very  heavy  rains  and  floods.  It  was  extremely 
difficult  in  places  to  drive  at  all,  and  we  were  pleased  to 
reach  Warsaw,  the  great  centre  of  the  salt  manufacture  of 
Western  New  York  State. 

We  were  now  in  the  valley  of  the  Wyoming  river,  which 
is  not  so  wild  and  beautiful  as  that  of  the  Genessee,  though 
pretty.  Warsaw  lies  in  the  valley,  but  the  salt  works  are 
on  the  hills  on  either  side.  The  reason  for  this  is  that  the 
Wyoming,  like  the  Genessee,  is  not  navigable,  and  the 
railway  lines  arc  carried  along  the  sides  of  the  hills.  It 
would  be  useless  to  put  the  salt  works  on  the  low  ground ; 
so,  for  convenience  of  railway  carriage,  they  are  alongside 
the  lines.  The  salt  works  extend  for  a  considerable  distance 
on  both  sides  of  the  Wyoming.  The  salt  in  the  most  northerly 
of  the  works  visited,  the  Crystal  Salt  Co.'s,  at  Saltvale, 
Wyoming,  was  1375  feet  from  the  surface,  whilst  at  the 
Eldridge  Salt  Co.'s  the  most  southerly  on  the  west  side  of 
the  Wyoming,  it  was  1975  feet.  As  a  rule,  the  northerly 
salt  works  have  the  salt  lying  nearest  the  surface,  whilst  the 
southerly,  owing  to  the  rise  of  the  surface  towards  the 
highlands  of  the  Genessee,  have  the  deepest  salt.  At  Leroy, 
the  most  northerly  of  the  salt  works  in  the  Wyoming  valley, 
salt  is  found  at  610  feet  from  the  surface,  whilst  as  we  have 
seen  at  Castile  the  depth  is  2370  feet.  The  rise  in  the 
surface  will  scarcely  account  for  all  this  difference.  It 
would  seem  as  if  there  was  a  slope  of  the  salt  surface  down- 
wards from  north  to  south.  I  was  in  hopes  that  I  should 
have  procured  a  map  by  Col.  Mc.CIure  showing  this,  but  I 
have  merely  got  one  on  a  large  scale,  showing  the  Western 
New  York  Salt  District. 

No  rock  salt  is  mined  except  at  the  Retsof  Mine,  and  no 
shafts  are  sunk  for  brine.     In  fact,  I  did  not  meet  with 
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a  single  brine  shaft  in  the  whole  of  America.  Borings  are 
put  down  to  the  rock  salt.  The  usual  borehole  is  5  inches 
in  diameter,  and  the  pump  for  raising  the  brine  about  3^ 
inches.  In  most  cases  it  is  necessary  to  put  water  down 
these  boreholes  to  form  brine  on  the  rock  salt  at  the  bottom. 
Where  this  is  done  a  double  tube  is  required.  In  some 
cases  the  water  is  forced  down  at  a  pressure  of  1601bs.  to 
the  square  inch,  and  this  pressure  forces  up  the  brine 
without  any  pump  being  required.  I  will  not  stop  to 
describe  the  process  of  manufacturing  white  salt  at  Warsaw 
and  the  other  places.  It  is  a  most  important  industry,  and 
has  sprung  up  in  the  last  ten  or  twelve  years. 

I  left  Warsaw  for  Niagara  Falls,  and  spent  the  week  end 
there  on  my  way  to  Michigan.  It  would  make  my  paper 
far  too  long  to  attempt  to  describe  fully  this  great  wonder 
of  nature.  For  a  geologist  it  is  a  school  where  many  lessons 
are  taught.  Not  only  arc  there  splendid  rock  sections 
exposed  to  view,  but  here,  on  the  most  gigantic  scale,  nature 
can  be  seen  at  work  cutting  and  carving  the  rocks,  and 
hewing  out  a  stupendous  gorge  by  the  ceaseless,  unrelenting 
power  of  the  mighty  stream.  Standing  on  the  Canadian 
side  we  can  see  that  the  American  Fall  comes  over  the  side 
of  the  gorge ;  whilst  the  Canadian  or  Horse  Shoe  Fall  is  the 
main  stream  cutting  back  the  rocks  and  forming  the  gorge. 
The  island  lying  between  is  cut  up  by  minor  streams. 
The  great  wasting  of  rock  takes  place  on  the  Canadian  side, 
near  the  shore.  The  ceaseless  fall  of  the  large  body  of 
water  deeply  impresses  every  thoughtful  mind.  A  journey 
down  the  stream  from  the  falls,  past  the  rapids,  to  the 
whirlpool,  shows  the  erosive  effects  of  water,  and  gives 
some  idea  of  the  immensity  of  time  required  to  have  eaten 
away  such  a  deep  gorge  through  the  rocks.     When  again 
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we  find  these  rocks  to  be  geologically  old  and  overlain  in  the 
interior  by  hundreds  of  feet  of  rocks  of  various  kinds, 
including  the  saliferous  that  I  have  been  speaking  of,  the 
enormous  age  of  the  world  may  be  imagined.  The  Genessee 
river,  whose  beautiful  gorges  I  previously  mentioned,  had, 
in  producing  these,  cut  its  way  through  rocks  several 
geologic  ages  later  than  the  Niagara  limestones.  The  mind 
is  incapable  of  grasping  the  time  required  to  do  all  this 
cutting  and  carving.  The  mighty  power  of  water  is 
splendidly  shown  in  North  America. 

I  left  Niagara  Falls  in  the  night  and  passed  rapidly 
through  Canada  over  a  rather  flat  country  to  Detroit.  The 
train  was  ferried  over  the  River  St.  Clair  connecting  the 
Lakes  Huron  and  Erie,  with  Lake  St.  Clair  between  them. 
I  had  now  entered  Michigan,  and  proceeded  to  the  St.  Clair 
district,  lying  between  Lakes  Huron  and  St.  Clair.  Here  I 
came  upon  salt  and  salt  works  once  more.  The  towns  of 
St.  Clair  and  Marine  City  are  the  chief  centres  of  the  salt, 
though  it  is  found  for  fully  fourteen  miles  along  the  banks 
of  the  river.  It  is  also  found  on  the  opposite  bank  in 
Canada.  The  enormous  area  over  which  the  rock  salt 
formation  extends  is  verv  remarkable.  From  the  Walton 
salt  works,  near  to  the  head  of  St.  Clair  lake  to  Oscoda  on 
the  shores  of  Lake  Huron  in  northern  Michigan,  there  are 
salt  works  extending  at  intervals  over  a  line  of  more  than 
120  miles.  If  we  look  at  a  map  of  Michigan  and  that  part  of 
Canada  lying  along  the  St  Clair  river  and  the  East  shores  of 
Lake  Huron,  we  shall  find  salt  works  from  Court wright 
in  Canada,  opposite  St.  Clair  in  Michigan,  to  Kincardine  on 
the  shores  of  Lake  Huron,  nearly  opposite  to  Oscoda.  On 
Lake  Michigan  at  Luddington  and  Manistee,  about  as  far 
north  as  Oscoda  and  Kincardine,  salt  is  found  and  salt  works 
have  been  established. 
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I  speut  a  most  enjoyable  day  in  visiting  the  whole  of  the 
salt  works  on  the  St.  Clair  river,  from  St.  Clair  in  the 
north,  via  Marine  City  and  Algonac,  to  the  Walton  works, 
near  the  head  of  St.  Clair  lake.  The  country  is  flat  as  also 
is  Canada  on  the  opposite  banks,  but  the  river  is  a  splendid 
one,  of  great  depth  and  with  beautifully  clear  wat^r.  The 
whole  of  the  lake  traffic  from  Superior,  Michigan,  and 
Huron  passes  through  this  river  on  its  way  to  Lake  Erie  and 
the  large  American  cities  on  its  shores. 

The  rock  salt  in  the  St.  Clair  district  is  met  with  about 
1,600  feet  from  the  surface,  and  the  water  of  the  St.  Clair 
river  is  forced  down  the  boreholes.  The  brine  is  some  of  the 
best  in  America.  It  would  take  up  too  much  time  to 
describe  the  salt  works  and  methods  of  working  them.  In 
this  valley  at  the  Oaklands  Hotel,  which  is  a  splendid 
wooden  erection  and  a  favourite  summer  resort,  is  the  spring 
from  which  is  obtained  the  noted  Salutaris  water.  The  short 
time  spent  in  this  district  has  left  very  pleasant  remem- 
brances. 

Leaving  St.  Clair,  by  one  of  the  Lake  Steamers,  I  pro- 
ceeded to  Port  Huron,  opposite  to  which  on  the  Canadian  shore 
is  Sarnia.  A  ferry  connects  the  two  towns.  Taking  the 
train  at  Port  Huron,  which  lies  at  the  junction  of  the  St. 
Clair  River  with  Lake  Huron,  I  had  a  journey  of  about  90 
miles  through  the  pine  woods  of  Michigan  to  East  Saginaw. 
It  was  a  single -track  railway,  and  the  novelty  of  passing 
through  nothing  but  pine  woods,  with  here  and  there  a 
clearing  for  a  station  or  a  lumber  camp,  was  quite  exciting. 
The  coimtry  was  flat  and  the  soil  of  a  sandy  nature.  For 
miles,  in  some  parts,  the  woods  had  bfeen  devastated  by  the 
forest  flres  which  are  so  destructive,  and  nothing  but  the 
charred  trunks  of  the  pines  were  left  standing  in  countless 
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thousands,  like  so  many  black  telegraph  posts  without  wires. 
After  a  destructive  fire,  it  seems  that  the  pines  do  not  again 
grow ;  but  their  place  is  taken  by  other  woods,  called  hard 
woods,  and  not  so  useful  to  the  lumberers.  It  would  seem 
as  if  the  great  pine  age  was  passing  and  was  about  to  be 
followed  by  that  of  birches  and  similar  woods.  This  fact, 
which  was  pointed  out  to  me  by  a  fellow  traveller,  reminded 
me  of  the  different  periods  of  oak,  beech,  pine,  &c.,  shown 
in  the  peat  bogs  of  Denmark.  It  seems  difficult  to  under- 
stand the  nature  of  the  change ;  but  in  journeys  of  over 
160  miles  through  the  pine  woods,  wherever  a  clearance 
had  been  made  by  the  fires,  no  young  pines  were  observable, 
though,  plenty  of  other  trees  were  springing.  Even  where 
the  lumberer's  axe  had  been  busy,  only  the  stumps  re- 
mained ;  no  young  pines  could  be  seen.  Ere  many  years 
are  past,  the  enormous  pine  woods  of  Michigan  will  have 
been  cut  down  and  sawn  into  planks.  The  pine  wood 
districts  are  only  very  scantily  populated,  and  after  clearing, 
the  land  is  not  fertile  enough  to  attract  agriculturists. 
Saginaw  City  and  East  Saginaw  are  on  the  Saginaw  River, 
which  enters  Saginaw  Bay,  on  Lake  Huron,  at  Bay  City. 
When  I  arrived  at  East  Saginaw,  I  found  myself  in  a  ver}' 
handsome  bustling  city,  the  centre  of  the  lumber  trade. 
Here  again,  I  came  upon  brine  and  rock  salt.  The  brine  is 
found  at  about  1,000  feet  from  the  surface,  and  is  not  very 
pure.  Salt  is  made  more  cheaply  here,  than  in  any  part  of 
America,  owing  to  the  exhaust  steam  of  the  saw  mills  being 
used.  From  Saginaw  to  Bay  City,  a  distance  of  14  miles, 
the  river  banks  and  the  neighbouring  low  lying  land  are 
lined  with  saw  mills ;  and  the  river  itself  and  the  ponds 
along  the  margin  are  full  of  floating  logs  ready  to  be  sawn 
up,  whilst  on  the  quays  and  landing  places  are  huge  piles 
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of  boards  and  planks  ready  for  shipment.  I  visited  a 
number  of  these  huge  saw  mills,  and  inspected  them  and 
the  salt  works  attached  to  them.  The  slabs  sawn  from  the 
trees  together  with  the  sawdust,  serve  for  fuel,  and  the 
steam  having  done  its  work  in  sawing,  is  turned  through 
pipes  laid  at  the  bottom  of  huge  wooden  salt  pans,  averaging 
120  feet  in  length  by  about  11  in  width,  to  make  salt. 
The  bustle  of  a  lumber  mill,  and  the  utilization  of  all  waste 
products,  impressed  me  very  strongly  with  the  go  ahead 
character  of  the  Americans.  Having  inspected  the  Saginaw 
River  district,  I  proceeded  md  Bay  City  to  East  Tawas,  on 
Lake  Huron,  in  Northern  Michigan,  another  ride  of  75 
miles  through  pine  woods,  similar  to  those  between  Port 
Huron  and  East  Saginaw.  The  country  was  similar  in  its 
nature  to  that  already  described.  East  Tawas  and  Tawas 
City  were  lumber  towns  pure  and  simple.  The  woods  came 
almost  to  the  shores  of  the  Lake,  and  the  lumber  mills  and 
salt  works  were  on  its  shores.  Vessels  came  up  to  the  quays 
and  loaded  limiber  or  salt.  The  salt  lies  about  800  feet 
from  the  surface,  but  the  brine  is  not  very  strong.  When 
staying  at  Tawas,  I  drove  a  short  distance  into  the  heart  of 
the  woods,  to  look  at  a  small  set  of  salt  works,  and  some 
brine  wells,  or  borings  put  down  to  supply  the  salt  works 
at  Au  Sable  and  Oscoda,  some  11  or  12  miles  further  north. 
The  shores  of  Lake  Huron  were  low  lying.  I  had  a  beautiful 
sail  on  the  lake  towards  Au  Sable  to  see  a  raft  of  pine  logs 
which  had  been  towed  by  steamer  from  Canada,  over  200 
miles  away.  There  were  logs  in  the  raft  that  would  cut  up 
into  3,000,000  feet  of  lin.  board  a  foot  wide. 

The  days  spent  amongst  the  pine  woods,  lumber-mills 
and  salt  works  of  Michigan  were  very  enjoyable  though 
fatiguing.     I  left  Michigan   for    Kansas,  and  returned  to 
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Canada,  but  as  the  Canadian  salt  district  lay  along  the 
St.  Clair  River  and  the  banks  of  Lake  Huron,  I  may  as  well 
finish  my  remarks  on  Canada  before  touching  on  Kansas. 

The  salt  works  of  Canada  are  chiefly  in  the  neighbourhood 
of  Seaforth,  Goderich,  Clinton,  and  Kincardine.  The  rock 
salt  varies  from  900  to  1,700  feet  from  the  surface,  and  is 
in  the  same  formation  as  the  New  York  rock  salt  and  brines. 
No  rock  salt  shafts  arc  put  down  in  Canada.  At  Q-oderich 
some  of  the  works  are  on  the  banks  of  the  Maitland  River, 
and  others  on  the  bluffs  overlooking  Lake  Huron.  These 
bluffs  rise  some  60  to  100  feet  above  the  lake,  and  being 
composed  of  alluvial  soil  or  clays  are  being  rapidly  eaten 
away  by  the  waters  of  the  lake.  The  salt  works  are  carried 
on  differently  to  those  in  Michigan,  there  being  no  pine 
forests  in  the  neighbourhood.  Plenty  of  other  woods 
however  abound  the  timber  of  which  is  used  instead  of  coal, 
or  in  conjunction  with  it  in  the  manufacture  of  salt.  This 
part  of  Canada  looks  very  English,  and  the  farms  seemed 
better  cultivated  and  cared  for  than  in  most  parts  of 
America.  On  the  whole  there  was  a  flatness  and  tameness 
in  the  scenery  unlike  some  parts  of  New  York  State.  I 
proceeded  from  Michigan  to  Chicago  by  rail,  instead  of 
across  the  country  to  Luddington  and  Manistee,  on  Lake 
Michigan,  where  salt  is  found  similar  in  all  respects  to  that 
in  Eastern  Michigan.  My  colleague  left  me  at  East 
Saginaw,  being  ill,  and  returned  to  New  York,  where 
unfortunately  he  died  suddenly.  Having  been  practically 
working  night  and  day  for  some  time,  I  preferred  leaving 
the  Manistee  section  of  country  out.  From  Chicago,  where 
I  only  spent  a  few  hours,  I  started  for  Kansas  City,  a  ride 
of  489  miles.  I  passed  over  this  portion  of  the  country 
during  the  night.     Kansas  City  was  reached  in  good  time 
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in  the  morning,  and  also  the  *'  Mighty  Missouri "  or  "  Big 
Muddy  "  as  it  is  locally  called ;  its  stream  being  nearly 
always  pretty  well  charged  with  mud  from  some  of  it» 
tributaries.  Kansas  City  has  an  imposing  appearance,  when 
seen  from  across  the  Missouri,  standing  as  it  does  on  high 
bluffs.  The  city  has  now  a  population  of  160,000,  and 
seems  one  of  the  busiest  and  most  thriving  cities  in  America. 
Leaving  Kansas  City,  after  about  a  two  hours'  stay,  we 
proceeded  to  Hutchinson,  235  miles  across  Kansas  State,  in 
a  W.S.W.  direction.  This  was  my  furthest  West  and 
South,  and  was  only  about  100  miles  from  Oklohama,  in 
Indian  territory,  and  not  far  from  Northern  Texas.  The 
coimtry  was  flat  almost  the  whole  way,  with  now  and  again 
low  limestone  blufis.  There  were  but  few  trees,  and  these 
almost  always  along  the  banks  of  the  streams.  Indian  corn 
and  wheat,  but  chiefly  the  former,  were  grown  most 
extensively;  and  herds  of  fine  cattle  were  grazing  in  the 
enormous  pastures  through  which  the  railway  ran.  We  had 
an  instance  of  the  use  of  the  cow-catcher  on  American 
engines,  when  a  herd  of  cattle  strayed  on  the  railway.  Our 
engine  struck  one,  and  turned  it  over  into  a  ditch,  where  it 
lay  with  a  broken  neck.  We  arrived  at  Hutchinson,  on  the 
banks  of  the  Arkansas  River,  in  the  evening.  The  country 
aroimd  was  very  flat,  and  the  Arkansas  River  wound  its  slow 
way  along,  amongst  coxmtless  sandbanks;  the  water  in  no 
place  being  deep  enough  for  navigation,  though  the  river 
was  half  a  mile  wide.  Fif|;een  years  ago  the  country  was 
prairie  land,  and  the  wild  buffaloes  rambled  over  where  now 
stands  Hutchinson,  a  town  of  15,000  inhabitants,  with  a 
main  street  wider  than  any  street  in  Manchester,  with 
splendid  shops,  electric  lights  for  the  streets,  telephones 
generally  used,  and  tram  cars,  with  double  lines  in  the 
main  street. 
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I  was  now  in  the  midst  of  one  of  the  largest  American 
salt  deposits,  which  was  only  discovered  as  recently  as  1887. 
I  visited  some  eight  or  ten  sets  of  salt  works  more  than  half 
shut  down,  and  found  salt  nearer  the  surface  than  in  any 
other  part  of  America  visited  by  me,  and  of  great  thickness, 
varying  from  100  to  250  and  even  300  feet.  Salt  has  been 
found  over  an  area  of  many  hundreds  of  square  miles.  There 
is  no  natural  brine  in  the  boreholes  at  Hutchinson,  though  in 
several  parts  of  the  State  brine  has  been  discovered.  At 
Hutchinson  the  Arkansas  River  is  said  to  flow  underneath 
the  flat  prairie  lands  at  a  short  distance  from  the  surface. 
Anyhow,  the  salt  manufacturers  pump  up  water,  found  in 
inexhaustible  quantities  about  27  feet  from  the  surface,  and 
force  it  down  the  boreholes,  as  in  Western  New  York  State 
and  the  St.  Clair  district  of  Michigan,  and  by  this  means 
obtain  one  of  the  purest  brines  in  America.  I  inspected 
most  of  the  Hutchinson  works  on  a  tropical  day.  The  amount 
of  insect  life  brought  out  by  the  bright  sunshine  and  heat  '^ 
was  marvellous,  and  the  shrill  whistle  of  the  grasshoppers, 
which  were  innumerable,  greeted  the  car  on  every  side.  At 
night,  when  the  darkness  came  on,  myriads  of  moths 
fluttered  round  the  brilliant  electric  light,  and,  singeing  their 
wings,  fell  down  into  the  roadway  beneath,  where  numbers 
of  huge  toads  sat  waiting  to  devour  them  for  their  evening 
meal.  Myriads  of  fire-flies  were  to  be  seen  as  the  train  rolled 
rapidly  along  during  the  night.  Kansas  State  is  not  beau- 
tiful, but  it  is  fertile,  and  will  doubtless  become  the  seat  of  a 
large  popxilation  in  a  short  time. 

I  left  Hutchinson  in  the  morning,  and  reached  Kansas 
city  in  the  afternoon,  and  found  the  thermometer  standing 
at  90°  in  the  shade.  After  staying  about  an  hour,  I  again 
left  for  Chicago.     In  the  early  hours  I  crossed  the  Missis- 
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sippi,  being  wakened  by  the  coloured  porter  in  the  car  to 
see  it,  as  I  had  no  wish  to  return  to  England  and  say  that  I 
had  crossed  the  Mississippi  twice  without  seeing  it.  I  again 
reached  Chicago;  visited  salt  stores  there,  and  left  for 
Canada,  travelling  again  all  night.  After  inspecting  the 
various  Canadian  salt  districts,  as  before  mentioned,  I 
returned  to  Syracuse,  in  New  York  State,  vUi  Niagara  Falls. 

The  Syracuse  salt  district  is  a  very  peculiar  one.  It  is 
the  oldest  in  the  United  States  ;  and  although  brine  has 
been  found  there  on  the  low  grounds  near  Lake  Onondaga, 
no  rock  salt  had  been  discovered  in  any  of  the  wells  bored. 
The  brine  being  only  about  18  o  per  cent.,  instead  of  25  at 
least,  showed  that  it  must  have  travelled  some  distance  from 
the  bed  of  rock  salt  where  it  had  its  origin,  and  had  become 
weakened  by  mixture  with  fresh  water  on  its  way.  I  pre- 
dicted some  years  ago  that  rock  salt  would  some  day  be 
discovered  in  the  neighbourhood,  and  I  learned  that  it  had 
recently  been  found  in  a  boring  at  Tully,  about  15  miles 
"south.  It  was  intended  to  utilise  the  rock  salt  so  found  by 
putting  water  from  a  neighbouring  lake  down  the  bore  hole, 
and  conveying  the  brine,  thus  formed,  by  a  line  of  pipes  to 
Syracuse.  The  depth  of  the  salt  rock  from  the  surface  was 
1,212  feet.  The  salt  manufacture  at  Syracuse  was  very 
interesting.  A  large  quantity  of  salt  was  being  made  by 
solar  heat,  in  what  are  called  "  covers."  These  are  shallow 
wooden  pans  elevated  above  the  ground  on  props  or  pillars  ; 
each  is  16  feet  by  18  feet,  and  from  4  to  6  inches  deep.  I 
found  over  40,000  of  these  "  covers  '*  on  the  flat  land  near 
Lake  Onondaga.  The  brine  wells  are  from  140  to  300  feet 
deep ;  and  the  brine,  or  "  water  "  as  it  is  called,  is  generally 
found  in  a  bed  of  gravel.  The  deeper  wells  have  usually 
the  strongest  brine. 
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I  was  now  in  the  midst  of  one  of  the  largest  American 
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the  flat  prairie  lands  at  a  short  distance  from  the  surface. 
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and  the  St.  Clair  district  of  Michigan,  and  by  this  means 
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which  were  innumerable,  greeted  the  ear  on  every  side.  At 
night,  when  the  darkness  came  on,  myriads  of  moths 
fluttered  round  the  brilliant  electric  light,  and,  singeing  their 
wings,  fell  down  into  the  roadway  beneath,  where  numbers 
of  huge  toads  sat  waiting  to  devour  them  for  their  evening 
meal.  Myriads  of  fire-flies  were  to  be  seen  as  the  train  rolled 
rapidly  along  during  the  night.  Kansas  State  is  not  beau- 
tiful, but  it  is  fertile,  and  will  doubtless  become  the  seat  of  a 
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I  left  Hutchinson  in  the  morning,  and  reached  Kansas 
city  in  the  afternoon,  and  found  the  thermometer  standing 
at  90*  in  the  shade.  After  staying  about  an  hour,  I  again 
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sippi,  being  wakened  by  the  coloured  porter  in  the  car  to 
see  it,  as  I  had  no  wish  to  return  to  England  and  say  that  I 
had  crossed  the  Mississippi  twice  without  seeing  it.  I  again 
reached  Chicago;  visited  salt  stores  there,  and  left  for 
Canada,  travelling  again  all  night.  After  inspecting  the 
various  Canadian  salt  districts,  as  before  mentioned,  I 
returned  to  Syracuse,  in  New  York  State,  via  Niagara  Falls. 

The  Syracuse  salt  district  is  a  very  peculiar  one.  It  is 
the  oldest  in  the  United  States  ;  and  although  brine  has 
been  found  there  on  the  low  grounds  near  Lake  Onondaga, 
no  rock  salt  had  been  discovered  in  any  of  the  wells  bored. 
The  brine  being  only  about  18*5  per  cent.,  instead  of  25  at 
least,  showed  that  it  must  have  travelled  some  distance  from 
the  bed  of  rock  salt  where  it  had  its  origin,  and  had  become 
weakened  by  mixture  with  fresh  water  on  its  way.  I  pre- 
dicted, some  years  ago  that  rock  salt  would  some  day  be 
discovered  in  the  neighbourhood,  and  I  learned  that  it  had 
recently  been  found  in  a  boring  at  Tully,  about  15  miles 
&outh.  It  was  intended  to  utilise  the  rock  salt  so  found  by 
putting  water  from  a  neighbouring  lake  down  the  bore  hole, 
and  conveying  the  brine,  thus  formed,  by  a  line  of  pipes  to 
Syracuse.  The  depth  of  the  salt  rock  from  the  surface  was 
1,212  feet.  The  salt  manufacture  at  Syracuse  was  very 
interesting.  A  large  quantity  of  salt  was  being  made  by 
solar  heat,  in  what  are  called  "covers."  These  are  shallow 
wooden  pans  elevated  above  the  ground  on  props  or  pillars  ; 
each  is  16  feet  by  18  feet,  and  from  4  to  6  inches  deep.  I 
found  over  40,000  of  these  "  covers  **  on  the  flat  land  near 
Lake  Onondaga.  The  brine  wells  are  from  140  to  300  feet 
deep ;  and  the  brine,  or  "  water  ''as  it  is  called,  is  generally 
found  in  a  bed  of  gravel.  The  deeper  wells  have  usually 
the  strongest  brine. 
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Having  visited  and  inspected  almost  all  the  extensive 
works  in  the  Syracuse  district  I  returned  to  New  York, 
being  unable,  for  want  of  time,  to  visit  the  salt  works  in 
Pennsylvania,  Ohio,  and  West  Virginia.  It  is  not  my 
intention  to  describe  the  various  processes  of  salt  making 
that  I  inspected  in  America.  This  has  been  very  weU  done 
by  Mr.  T.  M.  Chatard,  of  the  United  States  Geological 
Survey,  whose  communication  has  been  printed  by  the 
United  States  Government.  Mr.  Chatard  called  upon  me  in 
Cheshire  siuce  my  return,  but  unfortunately  I  was  not  at 
home.  He  kindly  forwarded  me  his  paper,  which  is  very 
interesting,  but  only  deals  with  the  manufacture  of  salt. 

I  think  a  short  statement  of  the  geology  of  the  North 
American  rock  salt,  gathered  from  the  best  and  most  recent 
information,  and  supplemented  by  enquiries  made  on  the 
spot,  may  be  useful. 

The  first  rock  salt  found  in  North  America  was  in  the 
year  1862,  at  Petit  Anse  Island,  in  Louisiana,  not  far  from 
New  Iberia.  It  lies  at  a  depth  of  16  to  17  feet  from  the 
surface.  The  thickness  of  the  bed  has  not  been  proved, 
though  **  a  shaft  has  been  sunk  to  a  depth  of  190  feet.  Of 
this  165  feet  are  in  solid  salt,  and  the  bottom  has  not  been 
reached.''  (Hay — *'  Salt  and  its  discovery  in  Kansas,"  p.  10.) 
The  American  Bureau  of  Mines  published  in  1867  an  account 
of  this  deposit.  The  section  exposed  on  sinking  to  the  salt 
is  given  as  follows : — 

ft.     in. 

Surface  soil,  black 12 

Lighter  coloured  sandy  soil       2     0 

Dark  sandy  soil,  containing  pottery,  &c 1     0 

Coarse  sand  and  gravel      , 0     6 

Sand,  with  clay      0     6 
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ft.  in. 

Reddish  sand — gravel  and  pottery 5  0 

Sand        1  6 

Blue  clay,  with  vegetable  remains,  pottery,  &c. .  .  2  0 

Coarse  gravel,  without  clay 1  6 

Clay,  gravel,  and  sand      1  0 

Clay,  interspersed  with  drift  sand       3  0 

Salt     

19  2 


The  surface  of  the  salt  shows  decided  marks  of  erosion. 
It  is  difficult  to  tell  the  exact  age  of  the  salt,  as  the  under- 
lying strata  have  not  been  reached.  It  is  undoubtedly 
recent,  as  compared  with  many  deposits.  Hay,  in  his  paper 
on  Kansas  salt,  describes  this  Petit  Anse  salt  as  of  the 
"  Quaternary  period ;  *'  but  the  American  Bureau  of  Mines 
say,  "  General  as  well  as  special  analogy  points  however  to 
its  Tertiary  age."  This  rock  salt  is  very  pure,  and  differs 
very  considerably  in  its  form  of  deposit  from  our  English 
salt.  The  peculiarities  of  its  structure  lead  to  the  supposi- 
tion that  it  was  not  deposited  at  the  bottom  of  a  salt  lake 
like  most  salt  deposits,  or  in  a  lagoon  on  the  sea  shore,  but 
probably  "  from  the  evaporation  of  brine  springs,  originating 
from  beds  of  rock  salt  in  some  older  geological  formation." 
I  will  leave  this  theory  without  comment,  as  I  must  confess 
I  have  always  been  puzzled  with  the  peculiar  structure  of 
this  rock  salt. 

Bock  salt  was  discovered  in  Arizona  some  years  ago,  and 
a  beautiful  sample  was  presented  to  me.  Its  structure  was 
like  that  of  our  English  salt.  Beyond  knowing  that  it 
exists  amongst  the  mountains  I  have  at  present  no  further 
knowledge.     Numerous  discoveries  of  rock  salt  have  been 
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made  in  recent  years,  but  I  wish  to  deal  only  with  those  best 
known  and  described. 

Rock  salt  and  brine  have  been  discovered  in  West  Vir- 
ginia. The  rock  salt,  of  which  a  sample  was  given  to  me, 
lies  about  212  feet  from  the  surface,  and  has  been  tested  to 
a  thickness  of  135  feet.  It  is  similar  in  appearance  to  our 
English  rock  salts,  and,  like  them,  is  accompanied  by 
gypsum  and  marls.  The  formation  lies  in  the  midst  of 
Palaeozoic  rocks,  but  is  regarded  by  Professor  Lesley  as 
**  probably  of  tertiary  age  and  occupying  a  very  limited 
basin."  I  obtained  my  information  as  to  brine  and  salt 
from  Mr.  Palmer,  the  owner  of  the  salt  works. 

Beyond  being  told  that  **  sources  of  the  brine  in  the  salt 
wells  in  the  Ohio  valley  are  supposed  to  be  near  the  base  of 
the  carboniferous  series,' '  I  have  no  other  information  of  a 
definite  nature. 

The  position  of  the  Canadian  rock  salt  has  been  pretty 
well  determined,  and  Professor  Sterrv  Hunt  has  dealt  with 
the  subject  in  an  excellent  paper  read  before  the  American 
Institute  of  Mining  Engineers,  at  the  New  York  Meeting, 
February,  1877,  entitled  **The  Goderich  Salt  Region  and 
Mr.  AttrilFs  exploration."  The  section  shown  by  the  cores 
extracted  may  be  grouped  as  follows : — 

ft.     in. 

I.     Clay,  gravel,  and  boulders        78  9 

II.  Dolomite,  with  thin  limestone  layers  ....  278  3 

III.  Limestone,  with  corals,  chert,  and  beds  of 

dolomite 276  0 

IV.     Dolomite,  with  seams  of  gypsum 243  0 

V.  Variegated  marls,  with  beds  of  dolomite.  .  121  0 

VI.     Rock  salt  (1st  bed) 30  11 

VII.  Dolomite,  with  marls  towards  the  base    .  .  32  1 

VIII.     Rock  salt  (2nd  bed) 25  4 


491 

ft.   in. 

IX.     Dolomite 6  10 

X.     Rock  salt  (3r(i  bed) 34  10 

XI.  Marls,  with  dolomite  and  anhydrite    ....  80    7 

XII.     Rock  salt  (4th  bed) 15    5 

XIII.     Dolomite  and  anhydrite        7    0 

XIV.     Rock  salt  (5th  bed) 13    6 

XV.     Marls  (soft)  with  anhydrite 135    6 

XVI.     Rock  salt  (6th  bed) 6    0 

XVII.  Marls  (soft)  with  dolomite  and  anhydrite..  132    0 

1517    0 

This  section  may  be  divided  into  three  main  formations, 
viz. : — 

ft.   in. 

1.  The  superficial  or  boulder  clay  formation  . .     78  9 

2.  Dolomite  and  limestone 797  3 

3.  The  saliferous       641  0 

The  saliferous  formation  **  has  a  position  in  the  geological 
column  in  the  upper  part  of  the  Silurian  series.  It  rests 
conformably  upon  the  magnesian  limestone  of  the  Niagara 
formation."  The  borings  in  Western  New  York  State  are 
very  similar  to  the  Canadian ;  and  no  doubt  the  Michigan 
brine  supply,  which  is  described  as  lying  "  at  the  base  of 
the  coal  measures,"  is  in  the  same  formation. 

Section  of  the  Shafi  of  Retsof  Mine,  Western 

New  York  State. 

Ft. 
Encrinal  limestone 8 

Hamilton  shale  (Moscow  shale) 40 

Dark  shales      93 

Limestone 8 

Ludlow  shales  (Hamilton  shale) 216 
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Ft. 

Limestone 4 

Marcellus  shale        39 

Comiferous  limestone 2 

Shale 1 

Comiferous  limestone 140 

Onondaga  limestone        1 

Hydraulic  limestone  (water-lime)      13 

Sandstone 14 

Gypsum        4 

Hydraulic  limestone        25 

Gypsum        47 

Magnesian  limestone  (water-lime) 63 

Hydraulic  limestone 14 

Blue  shales       25 

Helderberg  limestone 10 

Blue  shales       .  .      .  , 12 

Helderberg  limestone 17 

Limestone  and  sandstone         31 

Hydraulic  limestone 10 

Limestone  and  cement 15 

Hydraulic  limestone 6 

Blue  shale 19 

Red  shale      12 

Limestone 41 

Red  shale      5 

Blue  shale         12 

Limestone 12 

Salt  shale 51 

Rock  salt      2 

1012 
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The  typical  boring  I  find  to  be  as  follows : — 

1.  Clays  and  gravels. 

2.  Limestones  and  dolomites. 

3.  Salt-bearing  marls. 

It  will  be  seen  that  the  Western  New  York,  Canadian 
and  Michigan  rock  salts  were  all  deposited  about  the  same 
time,  and  that  the  great  salt  age  of  the  Great  Lake  District 
of  North  America  was  the  Upper  Silurian. 

The  Syracuse  brines  do  not  lie  on  the  rock  salt,  but  the 
various  wells  "  are  sunk  in  a  deposit  of  stratified  sand  and 
gravel,  which  fills  up  a  valley  of  erosion  measuring  nearly 
four  miles  from  north  to  south  by  two  miles  from  east  to 
west." 

The  rock  salt  of  Kansas  was  only  discovered  in  1887.     It 

was  first  struck  at  Ellsworth  at  a  depth  of  730  feet;  at 

Hutchinson,  south  of  the  Arkansas  river,  at  a  depth  of  450 

feet;  at  Kingman,  at  a  depth  of  665  feet;  at  Lyons,  at  a 

depth  of  785  feet ;  a  little  later  at  Anthony,  at  a  depth  of 

925   feet;    and  in   1888  at   Nickerson,  Great  Bend,  and 

Sterling.     The  thickness  of  the  salt  besides  the  saline  shales 

(or  marls)  appears  to  be  at 

Feet. 
Ellsworth 140 

Lyons 250 

Hutchinson 250 

Kingman        200 

Anthony 75 

Great  Bend 125 

Sterling      198 

The  Kansas  rock  salt  is  ''at  the  base  of  the Triassic,  which 

is  of  greater  extent  than  the  Triassic  deposits  of  Chester,  in 

England"  (Hay). 
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I  have  tried  to  get  sections  of  some  of  the  borings,  but  at 
present  have  only  partially  succeeded.  Mr.  McClain,  of 
Hutchinson,  has  kindly  sent  me  samples  of  the  salt  and  also 
the  boiings,  and,  as  far  as  he  could,  the  order  of  the  forma- 
tion. He  says,  in  a  letter  just  received  from  him :  For 
some  GO  feet  down  we  meet  alternate  layers  of  sand  and 
yellow  clay ;  we  call  this  portion  the  "  underflow  of  the 
Arkansas  river,**  and  we  obtain  all  the  water  for  our  brine 
wells  from  it.  This  is  succeeded  by  a  conglomerate  of  sand 
and  clay  forming  a  hard  pan,  which  is  immediately  suc- 
ceeded by  red  clay.  Next  follows  a  thick  section  of  blue 
and  red  shales,  with  occasionally  grey  and  black,  and  small 
portions  of  red  clay.  Following  this  comes  tenacious  blue 
clay,  terminating  in  hard  shale,  which  continues  a  consider- 
able distance,  and  is  succeeded  by  the  salt.  Roughly,  the 
distances  would  be  : — 

Feet. 

Sand — yellow  clay  ;  hard  pan — red  clay      .  .      .  .  So 

Blue,  red,  black,  and  grey  shale,  with  red  clay    .  .  oO 

Blue  clay  and  hard  shale        238 

Salt  (bored) 278 
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This  Kansas  formation  corresponds  very  much  with  the 
Englinh,  and  strengthens  the  theory,  which  now  seems  com- 
pletely demonstrated,  that  nearly,  if  not  quite,  all  salt 
deposits  have  been  formed  in  salt  lakes,  as  described  in  my 
paper  on  rock  salt. 

I  have  endeavoured  to  give  as  shortly  as  possible  what  is 
known  of  the  American  salt  deposits.  There  is  still  much 
to  learn.  What  strikes  us  most  is  the  enormous  extent  of 
the  deposits,  and  their  different  geologic  ages.     Salt  appears 
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to  have  been  deposited  in  all  geologic  periods  since  the  first 
sedimentary  rocks,  and  we  have  in  America  deposits  extend- 
ing from  the  Upper  Silurian  to  late  Tertiary,  if  not  to  the 
Quaternary ;  and  certainly,  in  the  "  sinks  "  of  the  Carson 
and  other  rivers  between  the  Rocky  Mountains  and  the 
Pacific  to  quite  recent  times,  whilst  in  the  Great  Salt  Lake 
and  in  a  Texan  lake  it  is  being  deposited  at  the  present 
moment. 


Note. — Since  the  reading  of  the  paper,  Mr.  Ward  has 
furnished  a  table  of  the  heights  above  the  sea  level  of  the  Rock 
Salt  deposits  of  New  York  State,  which  is  added,  as  an  Appendix , 
on  the  folloicing  page. 
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Mr.  Dickinson  said :  It  is  always  a  treat  to  hear 
Mr.  Ward  discourse  on  the  subject  of  salt.  He  has  already 
enriched  our  Transactions  with  a  valuable  paper  on  the 
English  salt  districts,  and  besides  that  he  has  contributed 
many  papers  on  the  salt  formations  of  this  country  to  other 
Societies,  with  which  you  may  not  all  be  conversant.  The 
subject  is  one  of  which  he  is  thoroughly  master.  He  has 
now  taken  us  further  afield,  and  has  given  us  descriptions 
of  salt  fields  which  will  be — to  me  at  any  rate — a  subject 
for  mature  consideration.  The  sections  (which  he  did  not 
read)  will  be  of  peculiar  interest,  as  showing  the  actual 
rocks  which  lie  over  the  American  salt  beds,  and  it  will  be 
seen  how  far  they  bear  out  the  views  he  has  expressed  that 
those  saliferous  beds  will  be  found  extending  from  old 
Silurian  formations  up  to  some  of  the  newer  ones.  So  far  as 
my  own  experience  goes  in  this  country  I  have  not  seen  any 
formation  of  salt  in  the  old  geological  strata — they  are  all 
in  the  upper.  I  have  much  pleasure  in  moving  a  vote  of 
thanks  to  Mr.  Ward  for  his  valuable  paper. 

The  motion  was  duly  seconded,  and  was  carried  by  accla- 
mation. 

Mr.  Ward,  in  briefly  acknowledging  the  compliment, 
said  the  preparation  of  the  paper  had  been  a  labour  of  love 
with  him,  and  he  was  sorry  that  the  time  at  his  command 
had  not  permitted  of  his  entering  more  fully  into  particulars. 
He  acknowledged  his  great  indebtedness  to  everyone  he  met 
in  America  for  information  upon  the  subject.  The  know- 
ledge he  gained  during  his  visit,  and  which  he  had  given  in 
his  paper,  was  as  much,  he  thought,  as  could  be  obtained  by 
anyone  at  present. 

Mr.  Stirrup  :  I  would  like  to  ask  if  Mr.  Ward  has  been 
able  to  obtain  th^  height  above  sea  level  of  the  various  salt 
deposits  in  America. 
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Mr.  Ward  :  I  have  the  >  whole  of  them  in  New  York 
State.  They  are  not  included  in  the  paper,  but  I  will 
append  a  summary  giving  the  heights  above  sea  level  of  the 
most  important  places  I  visited. 

In  the  course  of  a  brief  conversation  Mr.  Dickinson  drew 
attention  to  the  large  clear  crystals  of  rock-salt  exhibited, 
which  Mr.  Ward  was  of  opinion  had  been  formed  from 
brine,  derived  from  some  older  formation. 

Mr.  Dickinson  said  these  particular  crystals  were  such  as 
you  may  see  in  rock-salt  mines  in  this  country,  formed  near 
a  cavity,  but  they  were  not  such  as  occur  in  the  general 
body  of  the  rock-salt. 

Mr.  Ward  :  No ;  the  great  bulk  of  the  rock-salt  is  a 
mixed  up  shapeless  mass  of  salt  and  marl.  The  peculiar 
form  of  the  salt  crystals  is  destroyed. 

The  President  :  When  Mr.  Ward's  paper  is  printed  it 
may  be  convenient  to  resume  the  discussion  of  the  subject. 

The  meeting  then  adjourned. 


TRANSACTIONS 

OF  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Past  XVIII.  Vol.  XX.  Session  1889-90. 


The  Ordinary  Mjbeting  of  the  Members  was  held  on 
Tuesday,  March  11th,  1890,  at  the  Booms  of  the  Man- 
chester Literary  and  Philosophical  Society,  George  Street. 

The  President,  Henry  Hall,  Esq.,  in  the  Chair. 


NEW  MEMBERS. 


The  following   gentlemen   were   balloted   for   and   duly 
elected  Ordinary  Members  of  the  Society  : — 

Mr.  Charles  S.  Bennib,  Surveyor,  Golbome,  Newton-le- 

Willows 
Mr.  John  Dean,  Mining  Engineer,  Wigan  Coal  and  Iron 

Company,  Wigan. 


Mr.  Stirrup  (Honorary  Secretary)  stated  that  he  had 
received  a  communication  from  Mrs.  Daniel  Adamson, 
acknowledging  receipt  of  the  vote  of  condolence  passed  at 
the  last  meeting  on  the  death  of  her  husband. 


The  following  are  the  recent  additions  to  the  Library,  January 
to  March,  1890  :— 

Cornwall,  Mining  Association  and  Institute  of  ComwaU:  Tran8action8> 

Part  2,  Vol.  II.,  1889.     From  the  Council. 
Edinburgh  Royal  Physical  Society :  Proceedings,  Session  1888-89,  Vol. 

X.,  Part  1.     From  the  Society, 

30 


500 

Hertfordshire  Natural  History  Society  and  Field  Club:    Transactions, 

Parts  6,  7,  Vol.  V.     From  the  Society. 
London  Greological  Society:   Quarterly  Journal,   No.  181,  Vol.  XL VI. 
From  the  Society. 

Geological  Magazine :  Nos.  306-309.     Purchased, 

Institution  of  Mechanical  Engineers :   Proceedings,  No.  3,  1889. 

From  the  Inetitution. 

Iron  and    Steel    Institute:    Journal,   No.   2,    1889.      From  the 

Institute. 

Royal  Institution  of  Great  Britain :  Proceedings,  No.  83,  Vol. 

XII.,  Part  3.     From  the  Institution, 

Royal  Society:  Proceedings,   Parts  284-285,   Vol.   XLVI.,  Part 

Part  286,  Vol.  XLVII.     From  the  Society. 
Newcastle-upon-Tyne,    North    of    England    Institute    of    Mining    and 

Mechanical  Engineers :  Transactions,  Part  4,  Vol.  XXXVIII.    From 

the  Institute. 
Scotland,  Mining  Institute  of  Scotland :  Transactions,  Parts  7-8,  Vol. 

XI.     From  the  Council, 
South  Wales  Institute  of  Engineers :   Proceedings,  Part  6,  Vol.  XVI. 

From  the  Institute. 
Electrical  Distribution  of  Energy  in  Mines,  January,  1890.     Pamphlet. 

By  A.  T.  Snell.     From  the  Author, 
Outlines   of  the   Geology  of  Northumberland.     By  G.  A  Lebour.     Ist 

Edition.    The  History  of  Coal.    By  Rev.  Thos.  Wiltshire.    Pamphlet. 

On  the  Probability  of  Finding  Coal  in  the  South  East  of  England. 

By  W.  Taylor.     Pamphlet.     Presented  by  JF.  Whitakcr,  F.G.8. 

Liverpool  Free  Library  and  Museum :  37th  Annual  Report,  1889. 

Salford  Museum,  Libraries,  and  Parks:  Annual  Report,  1888-9. 

Canada,  Canadian  Institute,  Toronto:  Proceedings,  No.  152,  Vol.  XXV.» 
Annual  Report  1888-9.     From  the  Institute. 

'  Geological  Sun^ey  of  Canada:   Annual  Report,    1887-88,   Parts 

1  and  2,  and  Maps. 

Geological  and  Natural  History  Survey  of  Canada  :  Contributions 

to  the  Micro- Palaeontology  of  the  Cambro-Silurian  Rocks  of 
Canada.  By  E.  0.  Ulrich.  Part  2.  From  A.  R.  C.  Selwyn, 
F.JR.S.y  Director  of  the  Survey. 

Montreal,   On  New  Plants   from  the  Erian  and  Carboniferous. 

Pamphlet.     By  Sir  T.  W.  Dawson.    From  the  Author. 
Ottawa,   The  Canadian    Mining  Review:    December,    1869,   to 

February,   1890.     From  the  Editor. 
U.S.A.,  Cambridge,  Harvard  College :  Annual  Report  of  the  Curator  of 

the  Museum  of  Comparative  Zoology,  1888-9.    Bulletin  of  the 
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Museum  of  Comparative  Zoology,  No.  6,  Vol.  XVI.,  No.  6, 
Vol.  XVII.     From  Alexander  Affassiz. 
U.S.A.,  Philadelphia,  Academy  of  Natural  Sciences:  Proceedings,  May  to 
September,  1889.    From  the  Academy. 

Philadelphia,  Journal  of  Franklin  Institute:  Noa.  769-771,  Vol. 

CXXIX.     From  the  Institute. 

Philadelphia,  Pennsylvania  Geological  Survey:  Annual  Report, 

1887.  South  Mountain  Atlas,  D.  C. :  Dictionary  of  Fossils, 
Vol.  I.,  1889.     From  the  Board  of  Commissioner  a. 

Scran  ton.  Pa.,  The  Colliery  Engineer:  January  and  March,  1890. 

From  the  Editor, 

— —  Washington,  United  States  Qeolog^cal  Survey:  Monograph,  No. 
13,  and  Atlas ;  Geology  of  the  Quicksilver  Deposits  of  the 
Pacific  Slope.  By  G.  F.  Becker.  No.  14,  Fossils,  Fishes,  and 
Plants  of  the  Triassic  Rocks  of  New  Jersey  and  the  Connecticut 
Valley.  By  J.  S.  Newberry.  Bulletin,  Nos.  48  to  63.  From 
the  Director  of  the  Survey. 

' —  The  New  Dressing  Works  of  the  St.  Joseph  Lead  Company,  Mis- 
souri.    Pamphlet.    By  Professor  Munroe.    From  the  Author. 

The  English  versus  the  Continental  System  of  Jigging.     Pamphlet. 

By  Professor  Munroe.     From  the  Author. 

Sydney,  Royal  Society  of  Now  South  Waleri :  Journal  and  Proceedings, 
Part  1,  Vol.  XXIII.,  Catalogue  of  the  Library,  1889.  F^om  the 
Society. 

N.S.W.,  Department  of  Mines :  Annual  Report,  1888.    From  the 

Government. 
Victoria,  GK)ld  Fields  of :  Reports  of  Mining  Registrars,  September,  1889. 

From  the  Oovemment. 
India,  Geological  Survey  of  India :   Records :  Part  4,  Vol.  XXII.,  1889. 

From  tne  Oovemment. 
Berlin,   Zeitschrift  der  Deutschen  Geologischen  Gesellschaft :    Heft  3, 
Band  XLI.     From  the  Society. 

Gesellschaft    fiir    Erdkunde:    Zeitschrift,   Nos.   133-138,    1888, 

Nos.  139-143, 1889,  No.  145,  1890.  Verhandlungen,  Nos.  1-10,  Band 
XV.,  Nos.  1-8,  Band  XVI.,  No.  10,  1889,  Nos.  1-2,  Band  XVIL, 
1890.     From  the  Society. 

Brussels,  Catalogue  Illustr^  des  Coquilles  Fossiles  de  I'Eoc^e  dee 
Environs  de  Paris :  4th  Part.     Par  M.  Cossmann.    Purchased. 

Eieff,  Russia,  La  Soci6tc  des  Naturalistos :  No.  2,  Tome  X.,  1889.  From 
the  Society. 

Kiel,  Mittheilungen  aus  dem  Mineralogischen  Institut  der  Univerntat 
Kiel :  Band  I.,  Heft  2,  1889.    From  the  Institute. 
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Laaflanne,  Bulletin  de  la  Soci6te  YaudoiBe  des  Sciences  NatorellM :   No. 

100,  Vol.  XXV.     From  the  Society, 
Lille,  Soci6t6  Q6ologique  da  Nord:  Annales  XVI.,   1888-9.     From  the 

Society, 
Paris,  Revae  de  le  Legislation  des  Mines :  November  and  December,  1889. 
Furcha9ed. 

lies  Cayennes.     By  E.  A.  Martel.     Presented  by  the  Author. 

Pisa,  Atti  della  Society  Toscana  di  Scienze  Naturali  :  Memorie,  Vol.  X., 

1889,  Processi  Verbali,  Vols.  VI.-VII.     From  the  Society. 
Rome,  Atti  della  Reale  Accademia  dei  Lincei:  Rendiconti,  Fasc.  7-13, 

Vol.  v.,  Fasc.  1-2,  Vol.  VI.     From  the  Academy. 
St.  Petersburg,  Academic  Imp^riale  des  Sciences :  Memoires,  Part  17, 

Tome  XXXVI.,  Parts  1-3,  Tome  XXXVII.     From  the  Academy. 


THE    DISCOVERY    OF    COAL    MEASURES 

NEAR  DOVER. 

By  Professor  W.  Boyd   Dawkins,  M.A.,  F.R.S.,  F.G.S. 


The  discovery  of  coal  at  Shakespeare  Cliff,  near  Dover,  is 
one  of  those  events  which  mark  a  new  departure  in  the 
industrial  development  of  thii  country.  The  bare  facts  of 
the  case  have  been  published  in  the  press,  and  the  full 
account  cannot  be  written  till  the  completion  of  the  inquiry. 
As,  however,  we  are  all  more  or  less  interested  in  the  question 
of  coal,  a  few  details  bearing  on  the  discovery  and  on  the 
general  question  of  the  existence  of  coal  in  Southern  England 
may  fittingly  be  brought  before  the  Geological  Society  of 
Manchester. 

The  story  of  the  discovery  is  a  striking  example  of  the 
progress  of  a  scientific  idea,  passing  through  various  phases, 
and  growing  more  cleariy  defined  through  opposition  and 
failure,  until  ultimately  it  has  been  proved  to  be  true,  and 
likely  to  lead  to  industrial  changes  of  national  import- 
ance. 
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The  Idea  of  the  Buried  Coalfields  originated 

BY  Godwin- Austen. 

The  physical  identity   of   the   coal-bearing   districts   of 
Somerset  on  the  west,  and  of  Northern  France  and  Belgium 
on  the  east,  was  fully  recognised  by  Buckland  and  Cony- 
beare,  as  far  back  as  1826,  as  well  as  the  fact  that  the 
coal-measures  lie  buried  partially  under  the  newer  rocks. 
It  was,  however,  not  until  29  years  later  that  the  idea  of  the 
buried  coal-fields   was  advanced  by  God  win- Austen,  in  a 
memorable  paper   (read   before   the  Geological  Society  of 
London),    "  On    the     possible     Extension    of     the    Coal- 
measures  beneath  the   South-Eastern   part   of  England."* 
He  pointed  out  that  the  coal  seams  are  vegetable  accumula- 
tions, on  flat  alluvial  marshes,  close  to  the  water  line,  and 
extending  over  a  vast  area,    and  that  at  the  close  of  the 
Carboniferous  Age  the  coal-bearing  alluvia  were  thrown  into 
a  series  of  folds,  the  upper  portions  of  which  have,  for  the 
most  part,  been  removed  by  the  destructive  action  of  sub-aerial 
agents,  and  by  the  dash  of  the  waves  on  the  shore  line,  and 
lastly  that  most  of  the  present  coal-fields  are  the  lower 
portions  of  the  original  curves,  which  have  been  preserved 
by  their  position  from  the  operation  of  the  above-named 
destructive  forces.     Great  lines  of  smashing  also  and  dislo- 
cation were  developed  at  the  end  of  the  Carboniferous  Period. 
He  then  proceeded  to  show  that  the  general  direction  of  the 
exposed  coal-fields  in  South  Wales  and  in  Somersetshire,  on 
the  west,  and  of  the  Belgian  and  North  French  coal-fields 
on  the  east,  was  ruled  by  a  series  of  folds  running  east  and 
west,  parallel  to  a  great  line  of  disturbance,  centered  in  the 
ridge,  or  **  axis  of  Artois  *' — from   the  South  of   Ireland, 
through  South  Wales  and  North  Somerset  into  Westphalia. 
Throughout  this  area  the  exposed  coal-fields  lie  in  long, 

*Qaart.  Joum.  QeoL  Soo.,  London,  1866,  YoL  zii.,  p.  38. 
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narrow,  east  and  west  troughs.  The  penes  of  faulted  and 
folded  carboniferous  and  older  rocks,  constituting  the  "  A^ir 
of  Artois,"  formed  a  barrier  which  gradually  sank  beneath 
the  sea  of  the  Triassic,  Liassic,  Oolitic  and  Cretaceous  Ages. 
Against  this  the  strata  of  the  three  first- named  ages  gradually 
thin  oflF,  while  in  France  and  Belgium  the  coal-measures  and 
the  older  rocks  of  the  ridge  have  been  repeatedly  struck, 
and  are  now  being  worked  immediately  beneath  the  creta- 
ceous strata,  over  very  wide  areas.  The  folded  coal-fields^ 
moreover,  along  this  line  are  of  the  same  mineral  character, 
and  the  pre-carbonif  erous  rocks  are  the  same.  This  ridge  or 
barrier  also,  where  it  is  concealed  by  the  newer  rocks,  is 
marked  by  the  arch-like  fold  (anticlinal)  of  the  chalk  of 
Wiltshire,  and  by  the  line  of  the  North  Downs  in  Surrey 
and  Kent.  Godwin -Austen  finally  concluded  from  all 
these  observations,  that  there  are  coal-fields  beneath  the 
Oolitic  and  Cretaceous  rocks  in  the  South  of  England,  and 
that  they  are  near  enough  to  the  surface  along  the  line  of 
the  ridge  to  be  capable  of  being  worked.  He  mentioned 
the  Thames  valley,  and  the  Weald  of  Kent  and  Sussex  as 
possible  places  where  they  might  be  discovered. 

These  strikingly  original  views  gradually  made  their  way, 
and  in  the  next  eleven  years  became  part  of  the  general 
body  of  geological  theory.  They  were,  however,  not 
accepted  by  Sir  Roderick  Murchison,  the  then  head  of  the 
Geological  Survey,  who  maintained  to  the  last  that  there 
were  no  valuable  coal-fields  in  Southern  England. 

The  Idea  further   developed  by  Prestwich   and   thk 

Coal  Commission. 

The  next  important  step  in  the  direction  of  their  verifica- 
tion was  that  taken  by  the  Coal  Commission  of  1866-67,  by 
whom  Mr.  Godwin-Austen  and  Sir  R.  Murchison  were 
examined  at  length,  and  the  results  of  the  inquiry  embodied 
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in  the  Report  by  Mr.  Prestwich.  In  the  Report,  Mr.  God- 
win-Austen's views  are  accepted,  and  fortified  by  a  vast 
number  of  details  relating  both  to  the  coal-fields  of  Somer- 
setshire and  of  France  and  Belgium.  Mr.  Prestwich  also 
calls  special  attention  to  the  physical  identity  of  the  coals  of 
these  two  regions,  and  to  the  fact  that  the  Carboniferous 
and  older  rocks  in  both  are  similarly  disturbed.  He  con- 
cludes, further,  that  the  coal-fields  which  now  lie  buried 
beneath  the  newer  rocks  are  probably  equal  in  value  and  in 
extent  to  those  which  are  exposed  in  Somerset  and  South 
Wales  on  the  west,  and  in  Belgium  and  France  on  the 
east. 

The  Experimental  Boring  in  the   Weald  of 

Sussex. 

In  1871  the  Coal  Commission  Report  was  published,  and 
in  the  following  year  the  Sub-Wealden  Exploration  Com- 
mittee was  organised*  by  Mr.  Henry  Willett  to  test  the 
question  of  the  existence  of  coal  in  the  Wealden  area  by  an 
experimental  boring.  The  site  chosen  was  Netherfield, 
near  Battle,  in  Sussex,  where  the  lowest  rocks  of  the 
Wealden  formation  form  the  bottom  of  the  valley.  It 
was  resolved  to  go  down  to  the  older  PalaBOzoic  strata, 
which  were  thought  to  occur  at  about  1,000  feet  from  the 
surface,  or  to  carry  the  bore-hole  to  2,000  feet  if  they  were 
not  struck  before.  The  work  was  carried  on  under  con- 
siderable difiiculties  for  the  next  three  years,  until  in  1875 
it  had  to  be  abandoned  at  a  depth  of  1,905  feet,  because 
of  the  breakage  of  many  hundred  feet  of  lining-pipes, 
coupled  with  the  loss  of  the  boring- tool  at  the  bottom. 
The  section  of  the  strata  passed  through  is  as  follows : — 

*  The  Committee  consisted  of  Professors  Ramsay  and  Phillips,  Sir  John 
Lubbock,  Sir  Philip  Egerton,  and  Messrs.  Thomas  Hawksley,  Warington 
Smyth,  Prestwich,  Bristow,  Etheridge,  Boyd  Daw  kins,  Topley,  and 
WiUett. 
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Netherfield  Section. 

Feet. 

Purbeck  strata 200 

Portland  strata 57 

Kimmeridge  Clay*   1073 

Corallian  rocks*     515 

Oxford  Clay 60 

1905 
This  section,  although  it  yielded  no  information  as  to  the 
PalaDOZoic  rocks,  showed  that  in  this  particular  district  they 
are  more  than  1,900  feet  beneath  the  surface,  and  revealed 
the  great  thickness  of  the  Kimmeridge  Clay  and  Corallian 
rocks.  It  was  sufficiently  distant  from  the  ridge  of  coal- 
measures  and  older  rocks,  against  which  the  Oolitic  strata 
thin  away  to  the  north,  to  allow  of  an  accumulation  of 
Oolitic  sediments  to  a  thickness  of  more  than  1,700  feet. 
In  this  respect,  therefore,  it  afforded  unmistakable  evidence 
that  the  search  for  the  ridge  in  question  might  be  carried 
on  with  much  greater  chance  of  success  further  to  the 
north,  in  the  direction  of  the  North  Downs.  The  great  and 
increasing  thickness  of  the  successive  newer  rocks  of  the 
Wealden  formation,  which  form  the  surface  of  the  ground 
between  Netherfield  and  the  North  Downs,  rendered  it 
undesirable  to  repeat  the  experiment  within  the  Wealden 
area  proper.  Close  to  Battle,  the  Secondary  strata  we  '9  of 
great  thickness,  and  where  the  whole  series  of  Wealdon 
rocks  were  present,  they  were  more  than  1,000  feet  thick. 

With  this  valuable,  though  negative  result,  the  Sub- 
wealden  Exploration  Committee  was  dissolved,  and  the  next 
attempt  to  solve  the  problem  was  begun  eleven  years  after- 
wards, and  has  recently  been  crowned  with  success. 

•  The  precise  boundary  between  these  two  groups  is  uncertain.  If  the 
Bommeridge  Clay  series  bo  taken  down  to  the  Coralline  Oolite,  its  thickness 
win  be  1,612  feet. 
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For  the  next  eleven  years  the  problem  remained  where  it 
was  left  by  the  results  of  the  Netherfield  boring ;  while  in 
the  district  of  London,  evidence  was  being  collected  in 
various  sinkings  for  water,  which  proved  the  existence  of 
the  Palaoozoic  ridge  of  rocks  (Silurian  and  Old  Red  Sand- 
stones), older  than  the  Carboniferous,  at  about  1000  feet 
from  the  surface.  Here,  too,  the  Oolitic  strata  were  not 
more  than  87  feet  in  thickness,  at  their  thickest  point  in  the 
well  at  Richmond.  The  older  rocks,  moreover,  were 
inclined  at  a  very  high  angle,  as  in  the  case  of  the  similar 
rocks  underlying  the  coal-fields  of  Somerset,  and  of 
Northern  France  and  Belgiimi,  and  this  implied  the  exist- 
ence of  troughs  of  coal-measures  in  the  synclinal  folds,  in 
neighbouring  areas.  It  was  therefore  obvious  that  the  line 
of  the  North  Downs  was  a  desirable  region  for  a  second 
boring  in  search  of  the  carboniferous  rocks. 

The  Finding  of  the  Coal-Field  at  Dover. 
I  come  now  to  the  last  experiment  which  has  been  so  for- 
tunately crowned  with  success.  In  1886,  I  presented  a 
Report  to  Sir  Edward  W.  Watkin  on  the  general  question,  and 
recommended,  on  both  scientific  and  commercial  grounds,  that 
a  boring  should  be  made  in  South-East  Kent,  in  the  neighbour- 
hood of  Dover,  and  that  the  Channel  Tunnel  Works,  now  so 
unfortunately  suspended,  offered  the  best  site  for  the  trial. 
It  was  almost  within  sight  of  Calais,  where  the  coal-measures 
had  been  proved  at  a  depth  of  1,104  feet.  It  was  also  not 
more  than  six  miles  to  the  south  of  a  spot  where  about  four 
hundredweight  of  bituminous  material  was  found  imbedded 
in  the  chalk,  in  making  a  tunnel,  which,  according  to 
Godwin- Austen,  had  been  derived  from  the  coal-measures 
below.  Prcstwich  also  had  pointed  out,  in  1873,  in  dealing 
with  the  question  of  a  tunnel  between  England  and  France, 
that  the  older  rocks  were  within  such  easy  reach  at  Dover, 
that  they  could  be  utilised  for  the  making  of  a  sub-marine 
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tunnel.  Sir  Edward  Watkin  acted  with  his  usual  energy, 
on  my  report,  and  the  work  was  begun  in  1886,  and  has 
been  carried  on  down  to  the  present  time,  under  my  advice, 
and  at  the  expense  of  the  Channel  Tunnel  Company.  The 
boring  operations  have  been  imder  the  direction  of  Mr.  F. 
Brady,  the  Chief  Engineer  of  the  South- Eastern  Railway,  to 
whose  ability  we  owe  the  completion  of  the  work  to  its 
present  point,  under  circumstances  of  great  difiSlculty/ 

A  shaft  has  been  simk  (A)  {See  diagram)  on  the  west  side 
of  the  Shakespeare  Cliff,  close  to  the  shaft  of  the  Channel 
Tunnel  (B)  to  a  depth  of  44  feet,  and  from  the  bottom  of 
this  a  bore-hole  has  been  made  to  a  depth  of  1,180  feet. 

Section  at  Shakespeare  Cliffy  Dover. 

Lower  Grey  Chalk,  and  Chalk-Marl        

Glauconite  Marl 

Gault 

Neocomian      

Portlandian         

Kimmeridgean       

Corallian 

Oxfordian       '.      .... 

Callovian 

Bathonian       ^ 

Coal-measures,  sandstones,   and  shales  and   Clays, 
with  one  seam  of  Coal       


500. 


660. 


20. 


The  coal-measures  were  struck  at  a  depth  of  1,204  feet 
from  the  surface,  or  1,160  feet  from  the  top  of  the  bore- 
hole, and  a  seam  of  good  blazing  coal  was  met  with  20  feet 
lower. 

General  Conclusions. 

The  Wealden  deposits,  which  come  in  just  a  little  to  the 
south  of  Folkestone,  and  are  over  1,200  feet  thick,  are 
conspicuous  by  their  absence  in  this  section.     We  find  none 
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of  them.  We  have  in  place  of  the  Weald  clay  here  the 
Oolites  which  underlie  the  Weald  clay.  There  is  another 
point  to  be  noted.  The  coal-measures,  as  I  mentioned,  have 
been  struck  near  Calais,  and  Mr.  Godwin- Austen,  in  his  map, 
has  represented  the  coal-measures,  of  what  may  be  called 
the  Calais  basin,  as  cut  o£E  abruptly  by  the  line  of  the 
Channel,  and  as  clearly  making  for  the  region  of  Dover- 
I  have  very  little  doubt  in  my  \nind  but  that  we  have  really 
struck  in  this  boring  at  the  Shakespeare  Cliff  the  long, 
narrow  belt  of  coal-measures  of  exactly  the  same  order  as  the 
long,  narrow  belt,  which  partly  comes  to  the  surface,  and 
partly  is  concealed  underneath  the  Chalk  and  Oolites  of 
Belgium  and  Northern  France. 

Next  comes  the  question  of  the  value  of  this  new 
coal-field.  In  estimating  its  value,  I  have  the  materials 
ready  to  hand  in  that  report,  to  which  I  have  already 
alluded,  of  the  Coal  Commission.  Mr.  Prestwich, 
in  his  account  of  these  rocks,  has  entered  fully  into 
the  question  of  the  amount  of  workable  coal  which 
is  at  present  in  the  Belgian  coal-field  ;  and  these,  either 
the  Belgian  coal-measures,  or  the  coal-measures  of  the 
North  of  France,  for  they  are  practically  the  same, — 
I  mean  the  field  extending  from  Mens  and  Douai,  past 
Valenciennes — are  no  less  than  9,400  feet  in  thickness,  and 
they  contain  110  seams  of  coal  which  are  capable  of  being 
worked.  The  united  thickness  of  coal,  altogether,  amounts 
to  230  feet.  You  see  then,  that,  when  we  look  at  the  Bel- 
gian coal-field,  we  are  dealing  with  a  field  of  enormous  com- 
mercial value  and  great  economical  importance ;  and  when 
we  find  that  the  coal-measures  have  been  struck  in  the  South 
of  England,  on  the  same  line  as  this  field,  there  is  every 
reason  to  believe  that  those  beds  will  not  be  less  in  value  than 
those  of  Belgium.  That  is  the  evidence,  I  may  say,  of  the 
eastern  exposed  part  of  these  long,  narrow,  thin  troughs  of 
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coal-measures  which  are  thrown  into  folds  and  broken  up 
in  a  manner  which  I  am  quite  sure  Mr.  Greenwell  will  be 
able  fully  to  explain  from  his  experience  of  Somersetshire. 
In  some  cases,  in  one  vertical  shaft,  you  may  go  through  the 
same  seam  of  coal  no  less  than  three  times.  If  again 
we  examine  the  evidence  offered  by  the  Somersetshire  end 
of  this  great  line  of  disturbed  coal-measures,  we  have  a 
thickness  (and  here  again  I* am  appealing  to  the  report  of 
the  Coal  Commission) — ^we  have  a  thickness,  according  to 
Mr.  Prestwich,  of  8,400  feet  of  coal-bearing  rocks,  containing 
55  seams  of  coal,  representing  altogether  a  workable  thick- 
ness of  98  feet.  Thus  you  see  whether  you  take  the  Western 
exposed  area  of  the  coal-field,  or  the  Eastern  exposed  area, 
you  are  landed  in  the  conclusion  that  the  coal-measures, 
which  have  been  struck  in  the  neighbourhood  of  Dover,  are 
of  great  commercial  importance. 

I  do  not  for  one  moment  anticipate  what  may  be  the  result 
of  our  further  boring  in  this  spot ;  but  I  do  say  this,  that 
the  result  already  obtained  is  of  enormous  scientific  and 
commercial  value,  not  merely  because  there  is  a  probability 
of  the  existence  of  a  valuable  coal-field  at  Dover,  but  because 
it  gives  us  definite  base  line  for  further  explorations.  Borings 
of  this  kind,  carried  on  under  the  fostering  care  of  the  French 
Government,  have  turned  two  agricultural  departments  in 
Northern  France  into  great  centres  of  industry ;  and  it 
seems  to  me  by  no  means  improbable  that  in  the  course 
of  a  few  years  borings  will  be  carried  on  in  Southern  Eng- 
land, which  will  have  practically  the  same  result.  I  look 
forward,  indeed,  to  the  time  when  the  Chalk  Downs,  which 
we  all  delight  to  wander  over,  and  which  are  now  principally 
famed  for  the  fine  mutton  they  produce,  will  be  equally 
famous  for  the  coal  they  will  yield,  when  the  hop  gardens  of 
Kent,  now  remarkable  for  offering  a  precarious  subsistence 
to  a  few  farmers  and  a  few  labourers,  will  be  great  centres 
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of  business  like  Liege^  Namur,  and  some  other  towns  across 
the  Channel. 

Unfortunately  we,  in  this  country,  are  much  worse 
placed  for  explorations  of  this  sort  than  our  neighbours 
in  France,  and  the  result  of  any  philanthropic  enter- 
prise in  which  any  of  my  friends  may  indulge  in  putting 
down  a  bore-hole,  would  probably  mean  this: — that  he 
should  take  the  whole  risk  and  bear  all  the  expense,  while, 
if  he  was  successful,  the  neighbouring  landowners  would 
avail  themselves  of  his  discoveries  without  his  getting  a 
single  penny  of  profit.  That  is  a  very  unfortunate  state  of 
things;  and  the  problem  is  of  sufiScient  importance  to 
necessitate  some  change  in  mining  laws.  It  seems  to  me 
that  if  this  coal  producing  area  of  South-Eastern  England 
is  to  be  properly  explored  we  must  have  some  definite 
arrangement  as  to  who  is  to  do  it,  and  who  is  to  pay  for  it. 
This  enterprise  of  ours  is  to  be  looked  upon  mainly  as 
a  scientific  enterprise,  although  it  may  possibly  turn  out 
a  commercial  success.  I  do  not,  however,  think  that  very 
many  people  would  be  suflSciently  lovers  of  their  country 
to  spend,  say  £6,000  or  £7,000,  in  putting  down  a  bore- 
hole on  the  Chalk  Downs,  similar  to  ours,  unless  they  had  a 
possible  chance  of  reaping  some  pecuniary  benefit  from  it. 
The  question  then  seems  to  me  to  be  one  worthy  the  atten- 
tion of  Parliament.  I  think  some  sort  of  arrangement 
might  be  devised  by  which  the  rights  of  the  explorer  might 
be  preserved,  while  at  the  same  time  the  rights  of  the 
landowner  need  not  necessarily  be  sacrificed. 

In  conclusion  I  would  merely  say  that  I  shall  hope, 
at  a  future  time,  when  these  explorations  are  completed, 
to  fill  in  the  blanks  which,  from  the  very  nature  of  the 
case,  are  necessary  in  a  preliminary  communication  of  this 
sort.  I  felt  it  only  right  and  proper,  as  a  citizen  of 
Manchester,  that  the  first  Society  to  whom  this  discovery 
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should  be  communicated,  should  be  the  Geological  Society 
of  Manchester.  I  do  not  at  all  anticipate  that  this  discovery 
will  at  all  affect  the  price  of  coal  in  Lancashire.  I  believe 
that  it  will  develop  a  new  industry  down  in  the  South  of 
England.  In  ancient  times  the  quiet  agricultural  regions  of 
Sussex  and  Kent,  which  are  now  inhabited  by  rustics,  were 
even  as  the  Black  Country  around  Wolverhampton  is  now. 
There  were  iron  mines,  forges,  and  furnaces,  and  a  vast 
extent  of  ash  heaps  similar  to  those  we  may  now  see  in 
Staffordshire.  It  would  be  a  curious  reversion,  if  the  con- 
dition of  things,  in  the  days  of  Elizabeth,  should  in  the  days 
of  Queen  Victoria,  be  restorfed  to  Kent  through  the  discovery 
of  coal  in  the  neighbourhood  of  Dover,  and  if  these  districts 
again  become  a  centre  of  coal  production,  and  probably  also 
of  iron  production. 


Mr.  G.  C.  Greenwell  said,  before  proposing  a  vote  of 
thanks  to  Professor  Dawkins,  he  would  venture  to  make  one 
or  two  remarks.  First,  he  would  say  with  regard  to  the 
discovery  of  coal  under  the  chalk  at  Dover,  that  to  him  it 
seemed  even  more  wonderful  that  that  discovery  had  not 
been  made  before.  So  far  back  as  the  year  1819,  an  atlas* 
was  published  in  which  there  was  a  section  given  of  the 
sinking  of  a  shaft  in  the  French  province  of  Nord,  and 
there  could  be  no  doubt  that  the  strata  lying  beneath  the 
grey  chalk  corresponded  with  what  the  Professor  had 
described.  The  depth  of  the  shaft  in  English  measurement 
was  380  yards.  Eleven  seams  of  coal  were  met  with  of  the 
total  thickness  of  25  feet  1  inch.  There  was  another 
observation  he  would  like  to  make.  About  the  year  1864, 
when  in  Belgium,  he  went  down  a  pit  near  Mons,  inspected 
the  workings,  and  found  them  lying  exactly  in  that  zig-zag 
form  which  had  been  described,  and  which,  he  might  add, 

*Do  la  Richcsse  Min6rale :  Morand,  1S19. 
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were  exactly  similar  to  those  made  in  which  the  measures 
were  found  in  Somersetshire — towards  the  Southern  boundary 
of  the  measures,  where  they  abut  upon  the  mountain  lime- 
stone. There  were  the  same  zig-zags,  and  it  was  perfectly 
correct  what  Professor  Dawkins  had  said,  for  in  a  mine 
of  which  he  himself  had  the  management,  you  could  sink 
through  three  seams  in  100  fathoms  down  one  shaft.  When 
in  Belgium  he  particularly  noted  the  appearance  of  the  coal 
and  its  general  quality,  and  was  struck  with  its  resemblance 
to  the  Southern  mines  in  Somersetshire.  The  coal  was 
bright,  friable  and  bituminous,  corresponding  also  with  that 
of  the  Mens  seams,  which  had  been  mentioned.  His 
impression  was  that  those  zig-zag  seams  corresponded  not 
only  in  their  general  character,  with  the  Somerset  coal,  but 
it  was  of  the  same  bituminous  character  so  peculiar  to  the 
Southern  seams,  lying  against  the  Mendips.  He  was  sure 
all  present  must  have  heard  with  very  great  interest  the 
paper  of  Professor  Dawkins.  They,  who  were  interested  in 
the  Lancashire  coal  trade,  had  no  jealousies,  they  would  be 
glad  if  coal  were  found  in  the  South  of  England,  because^ 
it  could  not  possibly  do  them  any  harm.  In  Kent,  if  the 
field  of  coal  should  be  workable,  it  might  take  the  place  of 
the  wood  formerly  used  in  the  smelting  of  iron  ore,  and 
revive  once  more  an  old  industry.  He  had  much  pleasure 
in  proposing  a  vote  of  thanks  to  Professor  Dawkins. 

Mr.  Dickinson  said,  he  had  pleasure  in  seconding  the  vote 
of  thanks  to  Professor  Dawkins.  So  far  as  it  went  the 
information  given  was  exceedingly  interesting  and  valuable, 
it  only  made  them  wish  for  more.  If  Professor  Dawkins's  ^ 
surmises  were  true,  the  boring  at  Dover  had  reached  the  true 
coal  measures.  He  supposed  the  cores  would  indicate  that, 
and  the  fossiliferous  character  of  the  ground  bored  through 
would  tend  to  confirm  it,  he  (Mr.  Dickinson)  scarcely 
thought  that  so  cautious  a  scientific  teacher  as  Mr.  Dawkins- 
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'would  haye  led  them  to  hope  so  much,  had  he  not  himself 
been  satisfied  that  the  true  coal  measures  had  been  reached. 
During  the  time  of  the  Coal  Commission  he  was  sanguine 
enough  to  hope  that  these  events  would  be  realized.  The 
character  of  the  coal-fields  beyond  the  points  which 
Professor  Dawkins  had  laid  before  them,  all  indicated  that 
there  was  a  succession  of  coal-fields — perhaps  not  continuous 
but  a  succession  traversing  the  whole  distance  from  South 
Wales  through  the  Forest  of  Dean,  Somersetshire,  to 
that  little  coal-field  which  lay  between  Calais  and  Boulogne, 
and  thence  westward  of  Valenciennes  where  pits  some 
quarter  of  a  century  ago  were  working  down  through  the 
-chalk,  and  continuing  through  the  North  of  France  and 
Belgium  to  Aix-la-Chapelle  and  other  places  in  Germany, 
and  even  to  Warsaw,  in  Russian  Poland.  He  had  always 
been  led  to  hope  that  some  event  of  this  sort  would  be 
realized;  but  iu  the  absence  of  full  information,  and  not 
having  seen  the  cores  and  complete  sections,  and  from  the 
section  given  stopping  just  at  the  part  of  the  Oolite  formation 
where  coal  has  long  ago  been  met  with  and  worked  a  little, 
near  Scarborough  and  Whitby,  he  would  at  all  events  halt 
before  being  entirely  sanguine  and  confirmed  in  this  view, 
that  the  true  coal-field  had  been  struck.  Still  he  thought 
that  the  Professor  would  not  have  led  them  to  anticipate 
so  much  had  he  not  really  ground  for  it ;  but  it  would  have 
been  most  interesting  to  know  somewhat  of  the  dip  and  the 
nature  of  the  fossiliferous  beds  which  accompanied  the  coal 
measures  that  have  been  struck. 

Mr.  De  Range  congratulated  the  Channel  Tunnel 
•Company  and  Sir  Edward  Watkin  on  having  had  the 
boldness  to  carry  out  the  very  remarkable  boring  which 
Professor  Dawkins  had  described — a  boring  which  he 
trusted  would  yield  that  commercial  success  which  its 
promoters  were  entitled  to  look  for.      They  had  been  the 
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first  to  utilize  the  valuable  evidence  whicli  was  contained  in 
the  report  of  the  Coal  Commission.  On  the  map  accompanying 
that  Report,  now  exhibited  by  Professor  Dawkins,  it  would 
be  seen  that  a  dotted  line  was  drawn  across  the  South  of 
England  where  it  was  thought  coal  would  probably  be  found, 
as  Mr.  Dickinson  had  pointed  out,  in  isolated  places.     That 
line  was,  he  believed,  drawn  by  his  (the  speaker's)  respected 
former  chief.  Sir  Andrew  Ramsay,  and  enters  the  coast  of 
Kent  at  the  very  point  where  coal  has  now  been  found.    The 
other  lines  on  the  map  were  drawn  by  Professor  Prestwich, 
and  had  to  do  with  his  sections  which  were  published  in 
the   report.     Professor   Prestwich,   it   is   worthy   of    note, 
represented  productive  coal  measures  at  this  locality  in  his 
Channel  Tunnel  paper,  and  he  must  say  that  his  first  feelings 
on  reading  of  the  remarkable  discovery  at  Dover  was  that 
very  great  thanks  were  due  to  Sir  Edward  Watkin  and  his 
colleagues  who  ordered  the  boring   to  be  made.     Mr.  De 
Ranee  referred  to  the  results  of  twelve  previous  borings  in 
the  South  of  England,  that  there  was  a  very  hopeful  prospect 
of  coal  being  found  in  workable  and  commercial  quantities 
along  the  line  which  the  report  of  the  Coal  Commission 
indicated,  ranging  north  of  Salisbury  Plain  and  joining  up 
to   the   Somersetshire   and   South    Wales   coal   fields.     He 
hoped  that  Professor  Dawkins'  remarks,  in  which  he  pointed 
out  how  the  French  Government  (and  he  might  have  added 
the  German  Government  also)  had  increased  the  mineral 
wealth  of  those  countries  by  sinking  borings  at  the  public 
expense,  would  bear  some  fruit  at  this  side  the  channel.    He 
begged  to  thank — on  his  own  behalf — Professor  Dawkins 
for  his  valuable  paper. 

Mr.  Greenwell  :  You  don't  lose  sight  of  the  fact  that 
the  minerals  in  France  and  Gennany  belong  to  the  State. 

Mr.  De  Range  :  I  do  not. 
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The  President  said   before  putting  the   resolution  he 
would  like  to  say  a  word  in  its  support.     He  thought  the 
members  of  that  Society  ought  to  be,  and  were,  proud  of 
the  fact  that  it  was  one  of  their  fellow  members  who  had 
made   this    wonderful    discovery    of    coal    in    the    South 
East   of    England.      Not    only    ought    they,   as    a   body, 
to  thank  Professor  Dawkins — it  was  also  a  matter  for  the 
community.     It  was,  as  Mr.  Qreenwell  had  already  stated, 
a  wonderful  thing  that  this  coal  had  not  been  discovered 
before.     People  in  the  South  of  England  had  been  paying 
26s.  a  ton  for  coal  all  their  lives,  whilst  they  were  living  on 
the   top   of    valuable    beds,    to    get   at    which    no    effort 
had   been  made.     If   such  a  state  of  things  had  existed 
anywhere  in  the  northern  counties,  the  coal  would  have  b^n 
discovered  long  ago — and  this  was  proved  by  the  fact  that 
a  Lancashire  man  had  to  go  down  to  the  South  of  England 
to  discover  it  for  them.     He  was  disposed  to  ask — Why  did 
scientific  men  labour  all  their  lives  and  make  discoveries  of 
this  kindby  which  the  community  benefitted,  with  no  material 
result  to  themselves?     The  thanks  of  the  community  they  no 
doubt  did  receive — and  such  thanks  were  sweet — but  in  this 
material   world   one   wanted   something   more    than    that. 
There  was  a  Commission  now  sitting  to  enquire  what  right 
landlords  had  to  the  minerals  under  their  estates ;  and  he 
thought  if  the  claims  of  scientific  men  could  also  be  brought 
under  the  notice  of  that  Commission  something  practical 
might  be  done  for  them. 

The  resolution  was  carried  amidst  cheers. 

Professor  Dawkins,  in  responding  to  the  vote  of  thanks, 
said  :  I  feel  exceedingly  gratified  by  the  very  kind  way  in 
which  you  have  received  this  fragmentary  account — for, 
from  the  very  nature  of  the  case,  I  was  obliged  to  put  it  in 
a  fragmentary  fashion  before  you.  I  would  like  to  say, 
with  regard  to  Mr.  Dickinson's  scepticism — which  is  of  the 
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true  philosophic  kind — that  the  fact  of  finding  Calamites, 
and  of  seeing  well-defined  cores  of  underclay  is  to  my  mind 
almost  better  evidence  than  even  the  discovery  of  coal.  I 
have  no  reason  to  doubt  that  we  are  in  the  coal-measures, 
to  a  depth  of  upwards  of  60  feet.  The  subject  is  one 
of  very  great  importance.  I  do  not  profess  to  have  got 
together,  at  this  short  notice,  all  the  information  possible  ; 
and  I,  for  one,  welcome  the  labours  of  Mr.  Dickinson,  Mr. 
Greenwell,  and  Mr,  De  Ranee,  with  the  keenest  possible 
pleasure.  I  feel  really  that  it  would  be  unfair  for  me  to 
allow  the  President's  remark  to  pass  that  I  am  to  be  looked 
upon  as  the  discoverer  of  this  southern  coal-field.  The  dis- 
covery is  the  result  of  the  work  of  many  men  who  followed 
the  idea  which  was  thrown  out  by  Mr.  Godwin- Austen.  I 
am  merely  one  of  those  workers  who  has  been  engaged  upon 
this  problem,  and  it  has  been  my  good  fortune  to  aid  to 
carry  the  enterprise  to  a  success. 


This  concluded  the  business  of  the  meeting,  Mr.  Crank- 
shaw's  paper  on  "  Irrigation  for  the  Western  States  "  being 
postponed. 
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The  following   gentlemen   were   balloted  for  and  duly 
elected  Ordinary  Members  of  the  Society  : — 
Thomas  Robson,  Orrell,  Wigan. 
Alfred  E.  Johnson,  Abram  Colliery,  Wigan. 
Thomas  Grundy,  Wigan  Junction  Colliery,  Abram,  near 
Wigan.  ' 

IRRIGATION    AND    WATER    STORAGE    IN    THE 
WESTERN  STATES  OF  AMERICA. 

By  Mr.  Joseph  Crankshaw. 


In  introducing  the  subject  of  irrigation  and  water  supply 
in  the  United  States,  I  do  not  think  that  I  can  do  better 
than  adopt  the  system  used  by  Major  Powell  of  dividing 
the  country  into  three  regions,  named  the  Humid,  Sub- 
Humid,  and  Arid,  from  the  number  of  inches  of  annual 
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rainfall  in  each.  The  first  or  Humid  region  embraces  the 
whole  of  the  country  from  the  Atlantic  coast  westward  to 
the  line  of  thirty  inches  of  rainfall,  which  line,  though  of 
an  irregular  and  shifting  character,  I  have  taken  as 
following  the  95°  of  longitude  west  of  Greenwich.  The 
whole  of  the  country  east  of  this  line  has  a  copious  rainfall 
and  water  supply,  and  suffers  little  from  drought.  The 
second  or  Sub- Humid  region  embraces  the  broad  belt  of 
territory  west  of  this  line  and  extending  to  th^  line  of 
twenty  inches  of  rainfall,  beyond  which  it  is  considered  that 
agriculture  cannot  be  successful  without  irrigation.  This 
line,  though  like  the  first  of  a  somewhat  irregular 
character,  is  taken  as  following  the  100th  meridian  west, 
and  which  is  called  the  Arid  or  Powell  meridian.  This 
broad  belt,  although  capable  of  agriculture,  is  subject  to 
periodic  droughts  of  disastrous  effect,  and  needs  supple- 
mentary water  supply.  The  third  or  Arid  region  com- 
mences at  the  100th  meridian  west,  which  in  passing 
through  the  United  States  cuts  into  two  parts  Dakota, 
Nebraska,  Indian  Territory,  and  Texas,  and  it  is  to  this 
region  that  my  paper  more  particularly  refers,  for  the 
unaided  natural  rainfall  in  the  vast  territory  to  the  west  of 
this  meridian  is  too  small  for  agriculture.  This  includes  an 
area  of  one  million  two  hundred  thousand  square  miles  of 
land,  or  over  two-fifths  of  the  United  States.  The  whole  of 
this  vast  territory  is  not  arid,  for  a  large  tract,  including 
Northern  California,  Western  Oregon,  and  Washington, 
has  an  ample  rainfall.  Neither  is  the  whole  of  it  cultivable 
even  with  water  supply,  for  the  height  and  character  of  the 
mountain  ranges  are  such  as  to  place  them  altogether  outside 
the  pale  of  agriculture. 

The  rainfall  of  the  arid  region  is  not  only  small  but  is 
exceedingly  variable,  and  a  district  which  one  year  shows  a 
rainfall  of  forty  inches,  may  show  only  ten  next,  and  in 
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flome  parts  of  Arizona  is  as  low  as  two  inches.  Not  only  so, 
but  it  generally  comes  at  the  wrong  time,  as  most  of  it 
comes  in  the  winter,  when  it  cannot  be  utilised. 

The  greater  portion  of  the  country  is  also  over-drained,  as 
the  streams  do  not  flow  upon  the  surface  of  the  land,  but 
have  cut  their  way  by  erosion  deep  into  the  rock,  in  some 
cases  hundreds  of  feet,  and,  as  in  the  case  of  the  larger 
rivers  of  Colorado,  thousands  of  feet,  so  that  when  the  rain 
does  come  it  at  once  finds  its  way  into  these  canons,  which 
are  for  a  few  hours  converted  into  raging  torrents,  and  then 
dry  up  again.  Travellers  have  given  the  gloomiest  pictures 
of  this  terrible  region.  Describing  the  table  land  as, 
scorched  and  barren  desert,  sparsely  covered  with  grass,  and 
broken  up  by  huge  fissures,  whose  sides  were  sheer  and 
frightful  precipices  thousands  of  feet  deep,  and  at  the  bottom 
of  whose  gloomy  recesses  the  rivers  were  raging  torrents, 
coursing  along  with  the  speed  of  express  trains. 

Up  to  recently  the  people  of  the  United  States  have  not 
troubled  themselves  much  about  the  matter,  as  they  have 
looked  upon  it  as  a  country  of  mines  and  ranches,  but  totally 
unfit  for  agriculture,  and  they  have  had  an  abundance  of 
fertile  land  unoccupied  in  the  Mississippi  Valley.  But 
most  of  the  good  farming  land  has  been  appropriated,  and 
when  the  Oklahoma  territory  was  recently  opened  there* 
were  twice  as  many  settlers  ready  as  there  was  land  for 
them  to  occupy.  The  advice  of  the  eminent  American 
statesman,  "  Young  man,  go  West,"  has  been  accepted,  not 
only  by  the  surplus  population  of  the  Eastern  States,  but  by 
the  huge  stream  of  immigrants  from  Europe.  So  that  the 
population  has  increased  over  eleven  millions  during  the 
past  ten  years.  Land  questions,  which  could  be  very  well 
overlooked  ten  years  ago,  are  now  pushing  themselves  to 
the  front,  and  in  another  ten  years  will  become  of  vital 
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importance.  Pioneers  have  been  forced  farther  and  farther 
west,  and  have  found  that  the  barrenness  of  the  much 
dreaded  region  was  due,  not  to  the  natural  sterility  of  the 
soil,  but  by  an  absence  or  deficiency  of  water  supply,  and 
that  when  this  was  rectified  the  country,  in  spite  of  cloudless 
skies,  was  equal,  and  in  many  cases  superior  to  more  eastern 
states,  for  producing  both  grain  and  fruit. 

The  irrigation  of  this  vast  region  is,  I  think,  a  question 
of  the  greatest  interest,  not  only  to  America,  but  to 
the  whole  of  the  civilised  world,  for  it  means  the  reclama- 
tion not  of  a  single  province  even,  but  of  a  country  nearly 
ten  times  the  size  of  the  British  Islands.  Several  methods 
have  been  adopted  to  meet  the  deficiency  of  rainfall.  Some 
of  the  farmers  in  the  mountain  valleys  and  on  the  banks  of 
the  smaller  streams,  have  provided  a  water  supply  for  their 
farms  by  roughly  constructing  a  dam  of  earth  or  brush 
across  the  stream,  and  conveying  the  water  by  means  of 
ditches  to  their  land.  The  dams  generally  need  recon- 
structing and  the  ditches  redigging  every  year,  but  the 
labour  of  this  is  slight  compared  with  a  certainty  of  raising 
a  crop.  Underground  waters  are  also  most  eagerly  and 
persistently  sought  for,  the  Government  offering  large 
premiums  for  Artesian  wells  producing  over  a  certain 
number  of  gallons  per  hour.  In  some  cases  the  borings 
have  met  with  remarkable  success,  those  of  the  James 
valley  in  particular,  where  there  are  nearly  100  wells 
already  sunk,  no  one  of  which  is  more  than  250  feet  deep, 
and  most  of  thc»m  much  less,  yet  all  of  them  show  a  pressure 
sufficient  to  force  to  an  average  height  of  200  feet  a  stream 
of  great  volume,  making  the  most  extraordinary  phenomenon 
of  the  kind  in  the  world. 

But  well  water  is  never  a  perfectly  satisfactory  supply, 
and    is    not    always    applicable    for    irrigation    purposes,. 
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although  it  is  the  method  by  which  the  Dakota  and  other 
farmers  of  the  plains  must  meet  the  present  deficiency  of 
rainfall.  This  is  not,  however,  the  system  which  is  looked 
upon  for  the  ultimate  settlement  of  the  question.  The 
laws  of  the  western  states  and  territories  have  everywhere 
recognised  and  protected  the  rights  of  the  first  or  "  prior 
appropriator ''  of  water.  Thus,  if  the  first  settler  on  the 
banks  of  a  stream  appropriates,  or  draws  off,  half,  or  the 
whole  of  the  stream  to  irrigate  his  land,  he  has  the  right  to 
draw  off  this  half  or  whole  of  the  stream  for  ever,  to  the 
entire  exclusion  of  any  future  settler,  and  this  applies  not 
only  to  the  smaller  streams  but  also  to  the  larger  rivers. 
The  enterprising  Westerner  has  fully  recognised  and  taken 
advantage  of  this  right.  Instead  of  waiting  for  the 
individual  farmer  to  come  and  dig  his  own  little  ditch  and 
take  his  little  supply  for  his  own  farm,  large  companies 
have  been  formed  with  capital  amounting  to  millions. 
They  have  dug  enormous  canals,  many  miles  in  length, 
some  of  them  100  feet  wide  and  10  feet  deep,  appropriating 
all  the  water  of  the  river,  and  irrigating  thousands  of 
farms,  to  whom  settlers  have  been  attracted  by  advertise- 
ment. The  land  belongs  to  the  Government,  but  is  let  to 
the  settler  at  a  nominal  price,  as  it  is  worthless  without  the 
water  supply.  The  water  belongs  to  the  canal  company, 
and  it  is  for  this  the  settler  really  pays. 

These  canals  follow  the  contour  of  the  country,  running 
farther  and  farther  away  from  the  river  as  it  falls  away. 
The  canals  give  off  lateral  branches,  which  branch  off  again 
into  ditches,  which  water  every  foot  of  arable  land  between 
the  canal  and  the  river. 

The  settler  sows  his  land  with  grain,  or  plants  it  with 
vines,  oranges,  or  olives,  and  in  five  years  a  hundred  square 
miles  of  desert  are  converted  into  a  marvel  of  fruitfulness, 
producing  under  a  cloudless  sky  as  no  farm  in  the  Eastern 
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States  can.  But  this  system  of  irrigation  is  not  looked 
upon  as  a  possible  solution  of  the  question.  It  is  of 
necessity  confined  to  the  rivers  that  never  run  dry,  and 
these  are  already  nearly  all  appropriated.  The  canals  can 
only  follow  the  contour  of  the  country  and  water  one  side, 
towards  the  river,  the  largest  of  them  does  not  get  more 
than  10  miles  away  from  the  main  stream. 

It  is  in  high  altitude  reservoirs,  storing  up  the  storm  and 
snow  waters  that  the  ultimate  solution  of  the  problem  will 
be  found.  These^  waters  are  at  present  wasted,  or  worse 
than  wasted,  as  after  every  rainfall  or  snow-thaw  they 
convert  the  rivers  into  raging  torrents,  which  still  further 
denude  the  land,  and  after  a  few  hours  or  days  dry  up 
again  into  perfect  uselessness. 

The  construction  of  these  reservoirs  is  of  absorbiug 
interest  in  the  Arid  region,  and  a  special  Senate  committee 
has  been  making  enquiries  and  gathering  evidence  upon 
water  supply  in  the  diflRerent  districts.  But  private  enter- 
prise has  not  waited  for  State  aid,  and  several  large 
reservoirs  have  already  been  constructed,  and  have  proved 
the  feasibility  of  the  scheme,  both  from  an  agricultural  and 
financial  view.  Four  dams  have  been  completed,  and  a 
short  description  of  them  by  a  recent  writer  may  be  of 
interest,  as  each  of  them  represents  a  different  type  of 
structure,  and  the  four  together  probably  all  the  kinds 
likely  to  be  built. 

"  Near  Merced,  in  central  California,  a  large  irrigating 
canal,  75  miles  long,  has  been  in  process  of  construction  for 
six  years.  A  few  miles  from  the  city  the  course  of  the 
canal  lay  across  a  wide  valley  or  depression,  around  which 
the  canal  must  either  make  a  wide  detour  or  cross  it  by  an 
expensive  flume.  It  was  finally  decided  to  dam  up  the 
lower  end   of   the  valley,  and   convert  it  into   a  storage 
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reservoir.  The  dam,  of  necessity,  is  one  of  earth,  which 
was  scraped  and  hauled  into  place  by  men  and  teams.  It  is 
nearly  a  mile  long,  and  is  in  places  60  feet  high.  It  took 
five  years  to  build,  and  as  its  position  is  not  a  favourable 
one,  was  very  expensive.  The  lake  formed  covers  650 
acres,  and  holds  when  full  5,500.000,000  gallons. 

"  At  Walnut  Grove,  40  miles  south  cf  Prescott,  Arizona, 
a  dam  was  completed  in  1888,  which  burst  with  disastrous 
results  a  few  weeks  ago,  this  also  depended  upon  gravity  as 
the  principle  of  its  construction,  but  was  built  of  stone  instead 
of  earth.  It  lay  in  the  typical  position  for  such  structures, 
closing  the  narrow  outlet  of  a  wide  valley.  Its  situation  in 
the  interior  and  many  miles  from  a  railway  precluded  the 
use  of  cement,  while  the  sides  of  the  very  canon  it  closed 
furnished  an  inexhaustible  supply  of  the  best  granite.  The 
Ham  was  a  huge  wedge-shaped  core  of  loose  rock,  thrown 
in  just  as  it  was  blasted  from  the  hill  sides,  and  kept  in 
place  and  shape  by  wide  back  and  front  walls.  These 
walls  were  hand  laid  but  without  cement.  With  no  further 
protection  the  water  would  flow  away  almost  as  fast  as  if 
no  dam  were  there.  This  protection  was  supplied  by  a 
double  apron  or  skin  of  3-inch  planks,  lined  with  tarred 
felting,  calked,  and  painted  with  water  proof  paint,  covering 
the  whole  water  face  of  the  dam,  and  resembling  in  many 
ways  the  side  of  a  a  ship.  The  dam  was  110  feet  high,  and 
the  lake  which  formed  the  largest  body  of  water  in  Arizona, 
covered  a  surface  of  750  acres,  and  impounded  4,000,000,000 
gallons. 

"The  third  dam  is  the  one  across  the  Bear  Valley,  in 
San  Bernardino  county,  California.  It  is  a  carefully  con- 
structed but  suprisingly  thin  wall,  curving  up-stream,  and 
keyed  securely  into  the  rocky  banks.  Its  principle,  that  of 
the  arch,  is  entirely  different  from  that  of  the  two  dams 
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already  described,  and  the  structure  would  attract  attention 
anywhere  for  the  boldness  of  its  design.  It  holds  back  the 
water,  not  on  account  of  its  weight,  but  because  the  arch 
which  it  forms  transmits  the  pressure  to  the  sides  of  the 
canon.  It  is  but  20  feet  thick  at  the  base  and  less  than  three 
at  the  top.  By  occupying  a  position  of  great  natural 
advantage,  this  reservoir,  with  a  dam  but  60  feet  high, 
covers  an  area  of  7,250  acres,  and  impounded  4,000,000,000 
gallons. 

"  The  aristocrat  of  the  four,  however,  lies  near  San  Diego, 
California.  It  has  been  built  by  a  company,  closely  allied 
to  the  Atchison  Topeka  and  Santa  Fe  Railroad  Company, 
across  the  Sweetwater  River,  and  commands  a  large  tract  of 
country  owned  by  it  about  National  City.  It  is  most  care- 
fully constructed  of  cut  rock,  laid  in  Portland  cement.  It 
combines  the  two  mechanical  principles  already  mentioned, 
depending  upon  its  weight  for  stability,  but  being  built  in 
the  form  of  an  arch  for  additional  security.  The  dam  is 
about  90  feet  high,  and  the  lake,  now  full,  covers  725  acres, 
and  holds  6,000,000,000  gallons.  The  water  is  conveyed  to 
the  land  below  in  iron  pipes,  instead  of  the  cheaper  flumes 
and  ditches.  Of  these  there  are  already  60  miles  in 
place." 

These,  briefly  described,  are  four  of  the  principal  dams, 
one  of  which  is  already  non  est. 

But  the  enthusiastic  Westerner,  who  is  nothing  if  not 
large  in  ideas,  does  not  expect  to  count  the  national 
reservoirs  by  the  unit,  but  by  the  dozen  or  score,  and  the 
question  is  becoming,  WJio  shall  construct  them  ?  The 
water  companies  have  undoubtedly  done  good  service, 
especially  when  we  consider  the  difliculties  they  have  had 
to  overcome  in  constructing  their  reservoirs  far  away  from 
civilisation.     They  have  not  only  had  to  construct  the  dam. 
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but  the  road  to  it,  and  have  had  to  convey  their  machinery, 
tools,  and  materials  over  almost  insuperable  obstacles.  But 
they  are  simply  money-making  syndicates,  with  no  souls  to 
save  and  no  bodies  to  kick,  and  have  every  temptation  to 
reduce  their  structures  to  the  lowest  point  of  safety  in  oi'der 
to  reduce  expenditure.  They  are  backed  up  by  impatient 
stockholders,  anxious  for  a  return  upon  their  capital,  who 
often  know  little  and  care  less  for  the  district  where  their 
money  is  invested  so  long  as  the  percentage  is  good.  What 
engineer  in  England  would  dare  to  depend  upon  3-inch 
planks  and  waterproof  paint  to  imprison  nearly  18,000,000 
tons  of  water  P  Does  it  not  seem  like  tempting  Providence 
to  rear  a  "  surprisingly  thin  wall "  sixty  feet  high,  with  a 
mean  thickness  of  only  eleven  feet  to  hold  back  45,000,000 
tons  of  water?  Fortunate  it  is  that  the  Walnut  Grove 
reservoir  was  only  completed  in  1888.  Had  it  remained 
firm  for  a  few  more  years  until  the  valley  had  become 
thoroughly  settled  the  disaster  might  have  been  appalling. 
What  would  happen  to  the  "  thin  wall "  of  the  Bear  Valley 
dam  if  a  slight  displacement  of  strata  occurred,  or  if  a 
thunderbolt  struck  it,  or  if  a  few  fanatics  with  a  grievance 
or  a  mission  and  a  few  pounds  of  dynamite  tackled  it  some 
dark  night.  The  fancied  security  of  the  people  below  these 
dams  is  only  equalled  by  the  confidence  of  the  people  who 
live  on  the  slopes  of  a  volcano,  and  rebuild  their  houses 
over  the  sites  of  their  ruined  homes,  while  the  lava  is  yet 
hot,  with  this  difference,  a  volcano  or  earthquake  may  be 
called  the  visitation  of  God,  but  a  weak  or  defective  dam 
may  be  due  to  the  wickedness  or  cupidity  of  man.  The 
water  rents  will  also  become  in  time  a  source  of  grievance, 
and  the  people  of  the  Western  States  have  not  the  respect 
for  vested  interest  that  we  have,  so  that  a  time  will  probably 
come  when  they  will  acquire  the  reservoirs  either  by  com- 
pulsory purchase  or  downright  appropriation. 

3lA 
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Everything,  to  my  mind,  points  to  Government  irrigation 
works.  The  land  belongs  to  the  nation.  In  its  present 
condition  it  is  worthless  for  agricultural  purposes.  With 
water  supply,  land  worth  less  than  a  dollar  an  acre,  becomes 
worth  from  ten  to  hundreds  of  dollars.  Many  of  the  works 
would  be  self-supporting  at  once,  and  if  not,  the  GFovem- 
ment  is  not  obliged  to  have  an  immediate  return,  but  can 
look  forward  for  payment  to  ages.  The  question  with  it 
ought  not  to  be,  Will  it  pay  ?  but,  is  it  for  the  national 
good  ?  And  the  reply  to  my  mind  will  be  an  emphatic 
affirmative. 

Public  opinion  is  also  asserting  itself  upon  the  question 
of  water  rights,  and  several  of  the  legislatures  of  western 
states  have  established  the  ownership  in  principle  of  Govern- 
ment, in  all  bodies  of  natural  waters. 

The  Special  Senate  Committee  on  Irrigation  have  also 
had  the  assistance  of  a  large  staff  of  surveyors,  and  hydro- 
graphic  engineers,  who  have  examined  the  different  districts, 
and  reported  upon  rainfall,  dam  and  reservoir  sites,  and  the 
.suitability  of  the  land  for  irrigation.  Some  of  the  evidence 
taken  is  of  an  exceedingly  interesting  character,  showinfr 
the  enormous  amount  of  land  still  possible  to  be  reclaimed, 
while  some  of  the  schemes  proposed  are  of  a  magnitude 
sufficient  to  overwhelm  the  average  mind.  One  scheme  is 
to  construct  a  navigable  canal  from  the  upper  Missouri  to 
the  Gulf  of  Mexico,  that  will  irrigate  50,000,000  acres  of 
land,  now  largely  idle  or  given  to  the  use  of  the  broad- 
homed  steer  at  20  acres  per  steer.  Another  is  to  make 
Tahoc,  Doniier,  Webber,  Honey,  and  Independence  lakes, 
reservoirs  for  the  Truckee  and  Carson  Valley  basins,  the 
latter  of  which  is  to  be  supplied  by  a  tunnel  3^  miles 
long,  and  1,000  feet  below  the  present  level  of  Lake 
Tahoe.     This  scheme  will  reclaim  3,000,000  acres  of  land, 
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and  increase  its  value  nearly  SIO  per  acre.     The  engineers 
estimate  the  cost  of  the  scheme  at  $2,000,000. 

A  third  scheme  is  the  construction  of  an  international 
dam  and  reservoir  on  the  Hio  Grande,  above  El  Paso,  for 
the  purpose  of  definitely  fixing  the  river  bed,  and  providing 
for  a  regular  supply  of  water  to  both  sides  of  the  river. 

Much  has  already  been  done,  but  more  remains  to  be  done, 
and  many  legal  issues  considered  before  the  question  is 
permanently  settled.  The  Mormons  of  Utah  have  600,000 
acres  under  irrigation,  and  they  have  practically  solved  the 
question  in  a  very  simple  manner.  The  water  companies 
jire  composed  of  farmers  needing  water,  and  one  acre  of 
land  represents  one  share  of  water. 

There  are  in  Montana  alone  eight  irrigation  companies, 
which  have  at  the  present  time  360  miles  of  canal,  which 
cost  $1,327,000,  and  irrigate  770,000  acres. 

The  Boise  River  basin,  in  Southern  Idaho,  is  one  of  the 
finest  irrigation  areas  in  the  whole  of  the  arid  west.  There 
am  in  Idaho  12  counties,  containing  6,809,900  acres,  which 
are  crossed  and  recrossed  by  1,510  miles  of  canals,  and  729 
ditches,  irrigating  702,200  acres.  Arizona  has  about 
150,000  acres  in  cultivation,  irrigated  by  about  250  miles  of 
ditches,  and  the  Walnut  Creek  reservoir,  Colorado,  had  in 
1886  over  1,000  miles  of  irrigating  canal. 

But  the  land  requiring  water  is  infinitely  in  excess  of  the 
land  supplied.  It  is  estimated  that  there  are  on  the  plains 
alone  40,000,000  acres  capable  of  reclamation.  In  Montana, 
35,000,000  acres,  or  one-third  of  the  state.  In  the  Yellow- 
stone Valley,  9,000,000  acres.  In  West  Washington  and 
Oregon,  12,000,000  acres.  In  Nevada,  the  most  un- 
promising field  of  the  whole  arid  west,  the  engineers'  work 
has  so  far  progressed  as  to  show  the  reclaimability  of  at 
least  3,000,000  acres.     The  irrigable  possibilities  of  Cali- 
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fomia,  are  estimated  at  from  13  to  20,000,000  acres. 
Arizona  has  enormous  possibilities.  While  the  valley  of 
the  Rio  Grande  must  be  of  intense  interest  both  to  S.W. 
Texas  and  N.E.  Mexico. 

I  have  thus  briefly  and  imperfectly  endeavoured  to  bring 
before  you  the  three  principal  methods  of  irrigation,  viz., 
by  well,  canal,  and  reservoir,  and  in  so  doing  I  have  been 
actuated  by  the  feeling  that  "he  who  makes  two  ears  of 
com  or  two  blades  of  grass  grow  where  beforetime  only  one 
grew,"  deserves  well  of  his  country.  I  have  not  attempted 
to  lay  before  you  the  economic  side  of  the  question,  and 
show  you  the  increased  value  of  the  land,  and  its  increased 
capacity  to  support  population,  in  round  numbers,  for  hand, 
eye,  and  ear,  become  wearied  by  the  repetition  of  the 
same  word — Millions ! 

Millions  of  acres,  millions  of  dollars,  millions  of  popula- 
tion. But  I  think  that  you  will  agree  with  me  that  this  is 
a  region  to  which  may  be  pre-eminently  applied  the  old 
saying,  slightly  altered — Where  Nature  fails  Science 
steps  in. 

A  vote  of  thanks  being  unanimously  passed  to  Mr.  Crank- 
shaw  for  his  paper, 

The  Chairman  said :  I  am  sure  I  have  listened  with  much 
pleasure  to  Mr.  Crankshaw^s  paper.  Everything  that  con- 
cerns America — a  country  with  which  we  are  closely  asso- 
ciated— must  be  very  interesting  indeed.  Mr.  Crankshaw 
has  shown  the  possibilities  of  this  question  of  irrigation. 
One  of  the  most  interesting  features  of  his  paper  was  the 
remarks  with  regard  to  the  bursting  of  dams  in  America, 
which  have  been  fraught  with  so  much  disaster  ;  he  has 
shown  us  that  there  is  still  a  great  deal  to  learn,  and  that 
our  engineering  science  is  not  behind  in  matters  of  that 
kind. 
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Mr.  Stirrup  said :  The  subject  which  Mr.  Crankshaw  has 
introduced  is  one  that  is  arousing  at  the  present  time  con- 
siderable interest  in  parts  of  the  United  States.  This  arid 
region  embraces  some  four-tenths  of  the  whole  country^  and 
if  only  a  regular  water  supply  could  be  secured  an  enormous 
extent  of  land  would  be  brought  under  profitable  cultivation. 

The  question,  therefore,  is  of  great  interest — ^how  to  make 
these  arid  lands  in  North  America  productive  ?  They  have 
until  recent  years  been  practically  valueless  to  the  agricul- 
turist; and,  as  Mr.  Crankshaw  has  pointed  out.  Water 
Companies  have  seen  the  advantages  which  would  be  con- 
ferred on  these  lands  by  irrigation,  and  so  from  time  to  time 
the  most  suitable  lands  for  the  purpose  have  been  taken  up 
in  the  neighbourhood  of  the  principal  streams,  which  are 
thus  made  use  of  for  private  speculation,  while  the  companies 
are  not  always  mindful  of  the  safety  of  the  public  in  the 
construction  of  their  engineering  works.  The  difficulty  as 
to  water  rights  is  one  that  will  eventually  have  to  be  settled 
by  the  Government,  as  no  doubt  individual  settlers  often 
receive  arbitrary  and  imjust  treatment  by  these  monopolist 
Water  Companies,  which  often  claim  their  right  to 
«ole  u^e  of  the  streams,  which  should  be  free  for  the 
irrigation  of  all  the  lands  through  which  they  pass. 


A  COLLECTION   OF  METALLIC   ORES  FEOM 
DAMARALAND,    SOUTH    AFRICA. 

By  Dr.  W.  G.  Black,  F.G.S.,  Ed. 


Dr.  W.  G.  Black  exhibited  a  collection  of  Metallic  Ores 
sent  to  him  from  Damaraland  by  a  member  of  the  Mining 
and  Exploration  Company,  which  has  been  exploiting  that 
district  for  some  time,  and  read  the  following  on  the  Copper 
Deposits  in  Damaraland  : — 
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fomia,  are  estimated  at  from  13  to  20,000,000  acres. 
Arizona  has  enormous  possibilities.  While  the  valley  of 
the  Rio  Grande  must  be  of  intense  interest  both  to  S.W. 
Texas  and  N.E.  Mexico. 

I  have  thus  briefly  and  imperfectly  endeavoured  to  bring 
before  you  the  three  principal  methods  of  irrigation,  viz., 
by  well,  canal,  and  reservoir,  and  in  so  doing  I  have  been 
actuated  by  the  feeling  that  "he  who  makes  two  ears  of 
com  or  two  blades  of  grass  grow  where  beforetime  only  one- 
grew,"  deserves  well  of  his  country.  I  have  not  attempted 
to  lay  before  you  the  economic  side  of  the  question,  and 
show  you  the  increased  value  of  the  land,  and  its  increased 
capacity  to  support  population,  in  round  numbers,  for  hand, 
eye,  and  ear,  become  wearied  by  the  repetition  of  the 
same  word — Millions ! 

Millions  of  acres,  millions  of  dollars,  millions  of  popula- 
tion. But  I  think  that  you  will  agree  with  me  that  this  is 
a  region  to  which  may  be  pre-eminently  applied  the  old 
saying,  slightly  altered — Where  Nature  fails  Science 
steps  in. 

A  vote  of  thanks  being  unanimously  passed  to  Mr.  Crank- 
shaw  for  his  paper, 

The  Chairman  said  :  I  am  sure  I  have  listened  with  much 
pleasure  to  Mr.  Crankshaw's  paper.  Everything  that  con- 
cerns America — a  country  with  which  we  are  closely  asso- 
ciated— must  be  very  interesting  indeed.  Mr.  Crankshaw 
has  shown  the  possibilities  of  this  question  of  irrigation. 
One  of  the  most  interesting  features  of  his  paper  was  the 
remarks  with  regard  to  the  bursting  of  dams  in  America, 
which  have  been  fraught  with  so  much  disaster  ;  he  has 
shown  us  that  there  is  still  a  great  deal  to  learn,  and  that 
our  engineering  science  is  not  behind  in  matters  of  that 
kind. 
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Mr.  Stirrup  said :  The  subject  which  Mr.  Crankshaw  has 
introduced  is  one  that  is  arousing  at  the  present  time  con- 
siderable interest  in  parts  of  the  United  States.  This  arid 
region  embraces  some  four-tenths  of  the  whole  country,  and 
if  only  a  regular  water  supply  could  be  secured  an  enormous 
extent  of  land  would  be  brought  under  profitable  cultivation. 

The  question,  therefore,  is  of  great  interest — ^how  to  make 
these  arid  lands  in  North  America  productive  ?  They  have 
until  recent  years  been  practically  valueless  to  the  agricul- 
turist; and,  as  Mr.  Crankshaw  has  pointed  out.  Water 
Companies  have  seen  the  advantages  which  would  be  con- 
ferred on  these  lands  by  irrigation,  and  so  from  time  to  time 
the  most  suitable  lands  for  the  purpose  have  been  taken  up 
in  the  neighbourhood  of  the  principal  streams,  which  are 
thus  made  use  of  for  private  speculation,  while  the  companies 
are  not  always  mindful  of  the  safety  of  the  public  in  the 
construction  of  their  engineering  works.  The  difficulty  as 
to  water  rights  is  one  that  will  eventually  have  to  be  settled 
by  the  Government,  as  no  doubt  individual  settlers  often 
receive  arbitrary  and  unjust  treatment  by  these  monopolist 
Water  Companies,  which  often  claim  their  right  to 
sole  u^e  of  the  streams,  which  should  be  free  for  the 
irrigation  of  all  the  lands  through  which  they  pass. 


A  COLLECTION   OF  METALLIC   ORES  FROM 
DAMARALAND,   SOUTH    AFRICA. 

■l 

By  Dr.  W.  G.  Black,  F.G.S.,  Ed. 


Dr.  W.  G.  Black  exhibited  a  collection  of  Metallic  Ores 
sent  to  him  from  Damaraland  by  a  member  of  the  Mining 
and  Exploration  Company,  which  has  been  exploiting  that 
district  for  some  time,  and  read  the  following  on  the  Copper 
Deposits  in  Damaraland  : — 
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Ck)FFBR  Deposits  in  Damaraland. 

(Extract  from  **  The  Golden  Age,^'  September  26th,  1889 J 

In  the  far  N.N.W.  comer  of  Damaraland  there  exist 
enormous  deposits  of  copper  in  the  Otavie  district  which 
are  little  known  to  Europeans,  the  wildness  of  the 
surroimding  tribes  having  hitherto  prevented  discovery 
there. 

The  deposits,  however,  have  been  known  of  and  worked 
by  the  natives  for  centuries. 

The  mines  are  situated  in  about  the  18th  to  19th  degree 
of  south  latitude,  and  the  13th  to  15th  degree  of  east 
longitude. 

To  the  north  is  the  Ovampo  coimtry,  to  the  east  the 
Bushmen,  and  to  the  south  the  Damaras  (Hereros). 

The  surface  lodes  of  copper  and  silver,  for  there  is  silver 
there  also,  extend  for  a  distance  of  some  twelve  miles  in  an 
E.N.E.  direction. 

The  ores  are  of  various  descriptions,  copper  glance,  red 
oxide,  and  yellow  ores,  and  the  silver  is  remarkably  pure. 

These  mines  are  included  in  the  enormous  concessions 
granted  to  Mr.  R.  Lewis  by  Kamaharero,  the  paramount 
Chief  of  Damaraland. 

About  thirteen  months  ago  Mr.  Lewis  employed  two 
experienced  miners,  Mr.  J.  Freeman  and  Mr.  A.  Nicholson, 
to  visit  and  report  on  these  mines. 

About  two  months  ago  these  gentlemen  returned  with 
about  two  tons  of  unusually  good  samples  of  copper  and 
silver. 

They  report  that  the  natives  have  taken  away  a  large 
amount  of  the  surface  ores,  and  have  sunk  small  shafts  in 
many  places. 

They  also  saw  the  Ovampo  natives  at  work,  mining  and 
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smelting  out  the  copper  and  silver  into  bars  and  ingots,  and 
manufacturing  various  ornaments  from  the  metals. 

They  state  that  these  natives  understand  the  inlaying  of 
one  metal  into  another,  but  from  whom  they  have  learned 
these  arts  they  could  not  ascertain. 

On  one  of  the  lodes  Mr.  Lewis's  men  sunk  a  shaft  40  fec^t 
d(»ep,  in  order  to  prove  the  depth  and  width  of  the  lodes. 
Excellent  results  had  been  obtained. 

They  also  prospected  the  surrounding  country  for  gold, 
but  were  unsuccessful  in  that  respect. 

The  natives  seemed,  they  said,  to  have  no  knowledge  of 
gold,  which  they  examined  very  curiously  when  it  was 
shown  to  them  by  the  miners. 

They  found  the  natives  very  friendly,  the  country  well 
watered,  and  abundance  of  timber. 

Another  equally  good  deposit  of  copper  was  discovered 
about  40  miles  N.E.  of  the  Ota  vie  mines. 

It  is  probable  that  a  large  company  will  be  formed  in 
London  for  working  these  mines,  the  samples  of  copper 
having  been  assayed  and  g^ven  70  per  cent. 

The  distance  from  the  coast  is  about  300  miles. 

There  seem  to  be  no  engineering  difficulties  in  the  way  of 
a  railway,  and  it  is  on  the  great  trade  road  into  the  interior 
from  Walfisch  Bay. 

(Signed)  Robert  H.  M.  Mann, 
Late  of  Damaraland  Mining  and  Exploration  Company. 

Dr.  Black  said :  I  was  induced  to  bring  this  communica- 
tion before  the  Society  for  one  reason,  namely,  that  the 
contribution  was  sent  to  me  from  the  Cape  by  a  gentleman 
who  is  a  native  of  Manchester,  the  son  of  a  former  medical 
practitioner  here.  Dr.  Mann.  Captain  Mann,  the  gentleman 
to  whom  I  allude,  is  now  the  manager  of  some  mining  and 
exploration  companies  at  the  Cape ;  I  knew  him  and  his 
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father  very  well,  and  he  consented  to  send  me  some  speci- 
mens over  resulting  from  his  explorations.  These  which 
are  upon  the  table  are  some  of  them.  Being  myself  a 
former  resident  of  Manchester,  I  thought  it  would  interest 
this  Society  if  I  exhibited  these  specimens  and  made  a  few 
remarks  concerning  the  explorations  which  are  taking,  place 
in  Damaraland. 

Dr.  Black  described  the  appearance  and  general  character 
of  the  specimens  as  consisting  chiefly  of  Copper  Ores,  which 
were  mostly  of  two  kinds,  brown  and  green,  or  Cuprite  and 
Malachite,  in  appreciable  richness  and  abundance.  Keports 
were  read  of  mining  exploration  in  Damaraland  (which  is 
now,  however,  under  German  Suzerainty),  from  some  news- 
papers of  the  Cape  Colony,  describing  the  search  for  gold 
and  other  metals.  Cape  Argus,  December  18th,  1889  : 
"Report  Damaraland  Mining  and  Exploration  Co."  The 
Golden  Age,  September  26th,  1889.  The  Diggers'  News, 
September  2l8t,  1889  :  **  Report  Damaraland  Mining  and 
Exploration  Co.,  by  Captain  Mann." 


Mr.  Stirrup  moved  a  vote  of  thanks  to  Dr.  Black  for  his 
communication.  He  added  :  Dr.  Black  is  an  old  member  of 
the  Society,  and  the  son  of  an  older  member,  who  once 
resided  in  Manchester,  and  he  has  come  down  from  Edin- 
burgh to  give  us  the  benefit  of  the  reports  that  he  has  read 
and  to  sliow  us  these  minerals.  I  have  great  pleasure  in 
moving  this  vote  of  thanks. 

The  Chairman,  in  putting  the  motion,  said  it  was  a 
matter  of  congratulation  to  the  S(^ciety  that  a  gentleman 
residing  so  far  away  should  have  remembered  his  old  Man- 
chester friends,  and  offered  them  the  benefit  of  his  knowledge 
on  so  interesting  a  subject. 

The  motion  was  agreed  to  unanimously. 
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ON    THE    RED    AND    VARIEGATED    MARLS    OF 
THE    UPPER    DYAS    OF    MANCHESTER. 


Mr.  Stirrup  said :  In  communicating  the  following  notes 
by  Mr.  Roeder,  and  in  offering  a  translation  of  Dr.  Geinitz's 
paper,  published  in  Ists  in  Dresden,  1889,  entitled,  "  Ueber 
die  rothen  und  bunten  Mergel  der  oberen  Dyas  bei  Man- 
chester,'' he  had  been  actuated  by  the  desire  that  a  paper  so 
intimately  connected  with  the  geology  of  Manchester  should 
be  available  to  the  members  by  its  appearance  in  the 
"Transactions."  It  is  upon  "The  Red  and  Variegated 
Marls  of  the  Upper  Dyas  of  Manchester." 

The  paper  deals  mainly  with  the  Permian  rocks  in  the 
neighbourhood  of  Manchester  and  their  European  counter- 
parts, and  with  a  description  of  the  various  animal  and 
vegetable  remains  characteristic  of  the  beds  in  question.  As 
Dr.  Geinitz,  of  Dresden,  is  the  greatest  European 
authority  on  the  Permian — or  what  he  prefers  to  call  the 
Dyas — formation,  the  specimens,  some  of  which  were  found 
recently  near  Stockport,  were  sent  to  him  by  Mr.  Roeder 
and  Mr.  Kendal  (then  assistant  lecturer  at  Owens  College). 
They  have  thus  been  authoritatively  named,  and  the 
particulars  are  given  in  this  short  paper. 

SOME    NEWLY    DISCOVERED     SPECIES    IN    THE 

UPPER    PERMIAN    DEPOSITS    OF 

MANCHESTER. 

By  Mr.  Charles  Roeder. 
(Communicated   by   Mr.    Mark   Stirrup,    F.G.S.) 


Professor  Dr.  H.  B.  Geinitz,  of  Dresden,  one  of  our 
greatest  authorities  oil  the  Permian  formation  or  Dyas,  who 
in  company  and  under  the  guidance  of  the  late  Mr.  E.  W. 
Binney,  visited,  years  ago,  the  outcrop  of  the  Manchester 
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Upper  Permian  strata,  permitted  me  to  submit  to  him  a 
series  of  fossils  derived  from  these  local  beds  which  I  have 
collected  at  various  periods,  to  which  were  also  added 
specimens  from  Stockport  found  by  Messrs.  P.  F.  Kendal 
and  Grey.  These  specimens  were  subjected  to  a  special 
examination  by  the  Professor  and  so  interested  did  he 
become  in  their  study  that  he  was  induced  to  write  a  short 
but  very  valuable  paper  on  them,  entitled  :  "  Uber  die  rothen 
and  bunten  Mergel  der  obereii  Dyas  hei  Manchester y^  viz.,  "  On 
the  Red  and  Variegated  Marls  of  the  Upper  Dyas  at  Manchester" 
The  paper  is  published  in  the  July  number,  1889,  of  the 
"  Isis  "  and  contains  a  minute  review  of  the  leading  fossils 
therein  found.  Such  a  work  is  a  welcome  addition  to  our 
local  geology,  it  also  gives  us  the  corresponding  nomencla- 
ture of  the  German  and  English  authorities  and,  therefore, 
must  prove  invaluable  to  the  student.  It  is  not  my  inten- 
tion to  enter  into  the  discussion  of  the  paper  itself  as  there 
is  little  to  add  so  far  as  Manchester  itself  is  concerned. 
The  spcciiiieus  I  sent  have  been  returned,  through  Mr. 
Kendal,  to  the  Owens  College  Museum,  where,  no  doubt, 
they  may  be  found  and  seen  by  the  members.  Since 
Binney's  and  Captain  Brown's  time  Prof.  Geinitz  has  been 
able  to  add  the  following  specimens  as  quite  new  to  Man- 
chester : — 

1.  Aucella  Haiismanni  Goldfuss      ^  Found   by   me    in   a 

2.  AviculnKazane)hmAeYQvne\x\\jio^^\\iQrou^   Breccia. 

o.    Dcntalinm  Speyeri  Geinitz,   from   the    Red   Marls   at 
Ancoats. 

4.     Vennilia  obscura  King,  both  from  Mauldeth  Road  and 
.Stockport. 

-).    FUoffrana  Permianay  King,  needle-shaped  tubes,  from 
Strange  ways,  Ardwick,  and  Belle  Vue  gardens,  and  also  at 

Stockport. 
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The  position  of  this  species  is  still  doubtful,  and  Prof. 
G-einitz  suggests  that  it  may  belong  to  the  Pteropoda.  It 
also  resembles  the  attachment  tubes  of  Strophalosia,  but  I 
am  inclined  to  differ,  as  not  even  a  trace  of  a  Strophalosia 
has  been  found  in  the  strata  of  Manchester,  although  care- 
fully looked  for  during  many  years  by  me.  Of  plants  he 
names : 

6.  Ullmannia  selaginoideSj  Bgt.  of  which  I  have  collected 
specimens  from  Mauldeth  Road. 

7.  Voltzia  LUbeana  Geinitz  \  m.    i  4.x     ^x.        i    •    ^ 

j  Tno  latter  three  denved 

8.  Quilielmitea  Permianm  Geinitz  >  from  Stockport  by  Messrs. 

r,      ct         -17       •    J     J'  \  Kendal  and  Gray. 

9.  Spangtllopsts  dyadtca  „       y 

The  specimens  previously  known  to  Manchester  amount  to 
10  only^  so  that  with  those  recently  added  our  list  has  almost 
doubled,  a  fact  which  may  encourage  geologists  to  search 
more  minutely  with  a  view  to  augment  the  number  of 
remains  relating  to  the  Manchester  Upper  Permians. 


The  thanks  of  the  meeting  were  given  to  Mr.  Stirrup  for 
his  communications. 


ON  THE  RED  AND  VARIEGATED  MARLS  OF  THE 
UPPER  DYAS,  NEAR  MANCHESTER. 

By  Dr.  H.  B.  Geinitz,  of  Dresden. 


TraiulaUd  by  Mr.  Mark  Stirrup ,  F.G,S.,  from  Oe$.  hu  in  Dresden, 

1889,--Part   3. 


Through  the  friendly  mediation  of  Mr.  C.  Roeder,  of 
Fallowfield,  near  Manchester,  a  large  number  pi  fossils, 
from  the  Red  and  Variegated  Marls  in  the  neighbourhood 
of  Manchester,  has  been  sent  to  me  for  examination  from 
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Mr.  P.  F.  Kendall,  of  Owens  College,  to  whioh  Mr.  Boeder 
and  Mr.  Grey,  of  Stockport,  have  added  a  thankworthy 
supplement  for  the  Mineralogical  Museum  of  Dresden. 

The  whole  series  of  rock  specimens  lying  before  me  con- 
sists principally  of  red  shaly  marls,  of  darker  and  lighter 
colour,  often  also  greenish,  with  alternations  of  red,  often 
much  iron-impregnated  sandstone  and  conglomerate,  as  also 
thin  layers  and  nodules  of  light  gray,  also  partially  reddish, 
dolomitic  limestone. 

The  varied  order  of  succession  of  the  numerous  beds  in 
these  Bed  and  Variegated  Marls  has  been  fully  described  in 
the  various  writings  (illustrated  by  numerous  sections)  of  E. 
W.  Binney,  a  distinguished  and  indefatigable  observer.* 

According  to  E.  W.  Binney  (1.  c.  1862,  p.  45)  the  Per- 
mian and  Triassic  Strata  near  Manchester  occur  in  the 
following  descending  order  : — 

1.  Strata  of  red  and  variegated  Marls,  containing  thin 
layers  of  Limestone  and  Gypsum,  and  beds  of  Sandstone ; 
they  contain  fossil  moUusea  of  the  species  SchizoduSy 
Bakevellia,  Pkurophorus,  Turbo,  Rissoa,  Sfc. ;  about  300  feet 
thick. 

2.  Conglomeratic  brown  Sandstone,  about  50  feet  thick. 

3.  Soft  red  or  variegated  Sandstone,  about  500  feet  thick 
(CoUyhurst). 

4.  Conglomeratic    Sandstone   (Astley)   with    pebbles   of 

*  1841.  Transactions  of  the  Manchester  Geological  Society,  Vol.  1,  p. 
35-62. 

1855.  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester 
(Session  1864-55),  on  the  Permian  beds  of  the  North  West  of 
England. 

1857.    Additional  Observations,  lb. 

1862.  Additional  Observations  on  the  Permian  beds  of  South  Lan- 
cashire, (lb.,  Session  1861-62.) — Further  Observations  on 
the  Carboniferous,  Permian  and  Triassic  strata  of  Cumberland 
and  Dumfries,     (lb.,  Sess.  1861-62.) 
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white   quartz,  and  shingle  with  impressions  of  coal  plants, 
about  60  feet  thick. 

Whilst  the  upper  limit  of  these  strata,  after  the  super- 
position of  the  variegated  Sandstone  of  the  Trias,  does  not 
here  appear  very  distinctly  marked,  there  is  to  be  observed 
in  many  localities  an  unponformable  stratification  of  these 
deposits  comprised  as  Permian,  at  the  lower  limit,  where 
it  overlies  the  Middle  and  Lower  Coal  Measures,  whose 
thickness  is  estimated  at  5,000  feet. 

The  fossils  which  characterise  the  Dyas  or  Permian 
group  are  only  found  in  the  Bed  or  Variegated  Marls,  and 
their  limestone  intercalations,  of  which  latter,  E,  W.  Binney 
in  a  section  at  Astley,  in  a  space  of  230^  feet,  has  dis- 
tinguished 55  beds.  Among  the  fossils  in  these  variegated 
Marls  the  most  important  and  characteristic  of  the  Upper 
Zechstein,  is  Schizodm  Schlotheimu 

For  the  prevention  of  the  further  confusion  of  this  species 
with  other  species  of  Schizodm  the  following  explanations 
may  be  useful : — 

1.  Schizodm  Schlotheimi  Gein. 

1816/17.  Tellina  ?  Schlotheim,  Denkschr.  d.  K.  Ak.  d.  Wiss.  zu 
Munchen,  p.  31,  Taf.  6,  Fig.  4,  5. 

1820.  Tdlinitea  dtibius*)  Schlotheim,  Petrefactenkunde,  p.  189. 
1841.  CucuUaea  Schlotheimi  Qem.  im  N.  Jahrb.  f.  Min.,  p.  638, 

Taf.  11,  Fig.  6. 
1848.  Schizodus  Schlotheimi  Gein.  Versteinerungen  des  Zechstein- 

gebirges,  p.  8.  z.  Th.,  Taf.  3,  Fig.  23—39.    (The  Fig.  31,  and 

32  Mantle  impressions  figured,  are  wrong.    Fig  33  belongs 

to  Schiz.  rotundatua  Brown  sp.) 
1850.  Schizodus  Schlotheimi  King,  a  Monograph  of  the  Permian 

Fossils,  p.  191,  PI.  15,  Fig.  31  (not  Fig.  32). 
1856.  Schiz,  Schlotheimi  King  in  Journ.  of  the  Geol.  Soc.  of  Dublin, 

Vol.  Vn.,  P.  2,  b.  10,  PI.  1,  Fig.  6  (vorziigliche  Abbildung!). 

*  Die  Art  und  Weise,  wie  Schlotheim  das  Wort  **dubiut**  hier  gebraucht 
und  verstanden  hat,  rochtfertigt  den  bed  naherer  Kenntnifls  der  Art  dafiir 
eingefiihrten  Spedes^Namen  ** Schlotheimi** 
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• 

The  transverse-oyal  shell,  prolonged  backwards  and 
falling  away  from  a  blunt  edge  is  above  all  distingaiahed 
by  its  bellied  arched  boss,  which,  with  increased  age,  swells 
up  more  and  more  and  becomes  more  prominent.  The 
anterior  margin  is  uniformly  arched  and  falls  away  gradually 
to  the  less  arched  ventral  margin.  The  posterior  margin  is 
cut  off  obliquely.  Shell  thin  and  only  covered  with  faint 
growth  bands. 

Specimens  of  the  normal  condition  and  of  various  sizes, 
up  to  about  4  cm.  long,  are  found  along  with  many  younger 
specimens  shortened  in  the  length,  as  is  very  common  in  the 
Upper  Zechstein,  the  so-called  Plattendolomit  of  Germany. 
The  Axinus  species,  as  they  have  been  described  by  Captain 
Brown  in  the  Transactions  of  the  Manchester  Geological 
Society,  Vol.  1.,  1841,  p.  65,  PL  6,  from  Newtown,  near 
Manchester,  may  be  looked  upon  as  such  young  specimens 
of  Schizodm  Schloiheimi. 

The  same  approximate  more  to  Schizodm  Schloiheimi  than 
Schizodus  ohscurus  Sow.  sp.,  with  which  Professor  King  has 
associated  that  unnamed  figure  of  Brown,  Fig.  18  of  PI.  6,  as 
also  AxinKS  parvus  Brown,  PI.  6,  Fig.  30,  and  Axinus  undaim 
Brown,  Fig.  31,  with  a  (?). 

Also  Axinus  puciliiis  Brown,  PL  6,  Fig.  32,  and  Lucina 
minima  Brown,  PL  6,  Fig.  33,  may  be  but  young  states  of 
Schizodus  Schloiheimi. 

Prof.  King  has  made  the  latter,  together  with  Axinus 
roiunduius  Brown,  PL  6,  Fig.  29,  a  special  species : 

2.  Schizodus  roiundaius  Brown  sp. 

1850.  King,  Mon.  Perm.  Fobs.,  p.  190,  PI.  15,  Fig.  30,  includes 
Schizodm  Schloiheimi  Var.  Gteinitz,  Verst.  des  2iech8tein- 
gebirges,  Taf.  3,  Fig.  33. 

Characteristic  of  Sch,  roiundaius  woidd  be  a  less  broad, 
but  somewhat  higher  and  more  roimdly  developed  shell. 
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and  the  umbone  approaching  more  the  middle  of  the  shell's 
length. 

The  near  afi^ty  of  both  species  comes  out  best  on  a 
comparison  between  the  delineations  of  8ch.  rotundatm  in 
King,  Mon.  Perm.  Foss.,  PI.  15,  Fig.  30,  from  the  Red 
Marls  of  Newtown,  near  Manchester;  and  that  of  8ch. 
Schlotheimi  in  King,  Mon.  Perm.  Foss.,  PL  15,  Fig.  31,  from 
Marsden ;  whilst  King's  representation  Fig.  32  belongs 
rather  to  Sch.  obacuru^  than  to  ScL  Schlotheimi, 

Larger  specimens,  which  may  be  called  Schizodus  rotun- 
datuSj  are  also  described  by  Professor  Waagen  in  the 
PalsBontologica  Indica,  Salt  Range  Fossils,  p.  233,  PI.  19, 
Fig.  11-12,  from  the  Product  us  Limestone  of  Lidia,  and 
which  have  been  distinguished  by  this  name. 

3.    Schizodm  obscurus  Sow.  sp. 

1821.  Axintu  obacurns  Sowerby,  Mineral  Conchology,  Tab.  314. 

1850.  Schizodus  obacurus  King,  Mon.  Perm.  Foss.,  p.  189,  PL  15, 
Fig.  22,  23. 

1852/54.  F.  Romer  in  Bronn's  Lethaea  geogn.,  3  Aufl.  11,  p.  413 
ex  p.,  Taf.  m',  Fig.  8  a,  b. 

1861.  Geinitz,  Dyas,  p.  65,  Taf.  13,  Fig.  13-21. 

It  is  the  most  elegant  among  the  Sckizodm  group  of  the 
Zcchstein.  The  shell  possesses  a  more  slender  umbone  than 
Sch,  Schlotheimi,  and  diminishes  yet  more  towards  the 
obliquely  cut  off  posterior  margin  than  in  that  species,  which 
is  also  already  the  case  in  its  young  stage.  (Dyas,  Taf.  13, 
Fig.  13.)  A  bending  in  of  the  shell  at  the  ventral  edge  near 
the  posterior  margin  becomes  still  more  prominent  in  this, 
than  in  the  other  species. 

The  shell  substance  is  far  stronger  than  in  Sch,  Schht* 
heimi,  which  is  visible  even  where  both  species  occur  side 
by  side,  as  in  the  Upper  Zechstein  of  Niederrodenbach  and 
Riickingen  in  the  Wetterau. 
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Therefore  the  muscular  and  pallial  impressions  also  appear 
far  clearer  on  their  casta  than  on  those  of  8chi%,  Schlotheimi, 

It  is  highly  probable  that  the  unnamed  drawing  PL  6, 
Fig.  18,  of  Captain  Brown  from  the  Variegated  Marls  of 
Newtown,  near  Manchester ;  also  Professor  King's,  Mon. 
Perm.  Foss.,  PI.  15,  Fig.  32 — may  be  classed  with  Schiz, 
obacurus. 

This  species  is  characteristic  in  the  Zechstein  at  Stadtberge 
(Marsburg),  in  the  government  district  Amsberg  in  West- 
phalia. 

Among  the  described  species  of  Waagen,  from  India, 
this  would  be  represented  by  Schiz.  pinguis  Waagen,  p.  236, 
PL  19,  Fig.  7-10,  which  species,  however,  approaches, 
perhaps,  yet  more  to  Schiz,  Schhtheimi, 

Schizodm  truncatus  King,  1844. 

1850.   King,  Mon.  Perm.  Foss.,  p.  193,  PI.  15,  Fig.  25-29. 

1853.  V.  Schauroth,  Sitzungsber,  d.  K.  Akad.  d.  Wiss.  zu  Wien, 
XI,  Fig.  15. 

1861.   Geinitz,  Dyas,  p.  63,  Taf.  13,  Fig.  1-6. 

Of  oblique-oval-trapezoidal  contour,  the  shell  is  slightly 
broader  than  high,  its  umbone  less  projecting  than  in  other 
species,  lies  somewhat  before  the  middle  of  the  length  (or 
breadth). 

Between  it  and  the  very  slightly  arched  ventral  margin, 
the  shell  is  more  even  and  less  ventricosely  curved  than  in 
Sch,  Schhtheimi,  The  shell  also  slopes  more  uniformly  to- 
wards the  rounded  anterior  margin,  while  the  posterior 
sloping  surface  runs  off  from  one  edge  towards  the  obliquely 
cut-off  posterior  margin.  The  dorsal  and  ventral  margins  of 
the  shell  run  almost  parallel. 

The  occurrence  of  this  species  is  limited  to  the  lower  and 
middle  Zechstein  and  is  found  especially  in  the  Shell  Lime- 
stone, near  Sunderland ;    whereas  it  appears  to  be  absent  in 


543 

the  (Jpper  Zechstein,  to  which  the  Variegated  Marls  in  the 
neighbourhood  of  Manchester  belong. 

Among  the  Indian  species,  according  to  our  conception, 
Schizodm  dubiiformis  Waagen,  1.  c.  p.  238,  PI.  19,  Fig.  15, 16, 
would  rather  border  upon  8ch.  truncatm  than  8ch.  SchlO" 
theimi  (=  Tellinites  dubius  Schloth.)  unless  we  unite  it  with 
Sch.  rotundatu8» 

Schizodua  Bossicm  de  Vemeuil. 

1845.   Murchison,  de  Yemeuil  ot  de  Eeyserling,  G^ologie  de  la 
Bussie  d'Europe  etc.,  Vol.  11.,  p.  309,  PL  19,  Fig.  7  a,  b,  8. 

1866.   GFeinitz,  Carbonformation  und  Dyas  in  Nebraska.     (Abh.  d. 
K.  Leop.  Carol.  D.  Ak.)  p.  18,  Taf.  1,  Fig.  28,  29. 

Though  the  smaller  of  the  specimens  figured  by  De 
Vemeuil  shows  an  approach  to  young  conditions  of  Schiz, 
Schlotheimi  and  Schiz.  truncatuSy  to  which  they  have  been 
added  by  King  and  in  Geinitz,  Dyas,  p.  63,  still  the  con- 
stancy of  this  species  becomes  more  prominent  in  the  more 
developed  specimens,  as  is  also  the  case  with  the  specimens 
near  Nebraska  city. 

Their  shell  is  less  broad  and  the  umbone  situated  almost 
in  the  middle  of  the  length  is  somewhat  thicker  and  more 
arched  than  in  Schiz,  truncatus. 

How  excellent  De  Vemeuil's  drawing.  Fig.  7,  is,  not- 
withstanding its  diminutive  size,  is  seen  from  a  specimen  of 
Petscherskoje  on  the  banks  of  the  Volga,  Govt.  Simbirsk. 
The  same  is  20  m.m.  long  (or  broad)  and  15  m.m  high,  and 
answers  very  accurately  to  Fig.  7,  which  Vemeuil  puts 
forward  as  especially  characteristic. 

From  the  Zechstein  strata  of  Russia  various  species  are 
sometimes  designated  as  Sch.  Itossicm. 

A  somewhat  flatter  arched  Schizodm  from  a  dolomitic 
rock  of  Schungur  at  the  Scheschma,  tributary  of  the 
Kama,  Gouv.  Samara,  which  is  14  m.m.  long  and  10  m.m^ 
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high,  belongs  to  8ch,  trmicattu ;  through  Prof.  Orewingk  I 
received  specimens  from  the  Upper  Dolomitic  Zechstein  of 
Niegranden  at  the  Windau*,  which  testify  to  the  typical 
occarrence  of  Schizodm  Schlotheimi.  Different  Russian  and 
American  Schizodus  are  preserved  in  the  K.  Mineralogical 
Museum  at  Dresden.  Schizodm  Itosaicus  is  not  known  from 
the  beds  near  Manchester. 

4.  Edmondia  elongata  Howse. 

1848.  How8e,  Trans.  Tyneside  Nat.  Field  Club,  I.,  3,  p.  243. 

Edmondia  Murchisaniana  King,  Catalogue  of  the  Org.  Bern. 

of  the  Permian  Rocks,  p.  10. 
1850.   lb.  King,  Mon.  Perm.  Foss.,  p.  165,  Taf.  14,  Fig.  14-17. 
1861-62.   E.  dongata  Gein.,  Dyas  L,  p.  69,  Taf.  XII.,  Fig.  26-28. 

The  occurrence  of  this  species  in  the  Variegated  Marls  is 
still  questionable,  yet  probable. 

5.  Pleurophorua  costatus  Brown  sp. 

1841.   Area  costata  Brown,  Trans.  Manchester  Geol.  Soc.  I.,  p.  66, 

PL  6,  Fig.  34,  35. 
1846.    Cypricardia  Mnrchisoni    Geinitz,    Grundr.    d.    Versteine- 

rungskunde,  p.  434,  Taf.  19,  Fig.  2. 
1850.   Pleurophorus  costatns  King,  Mon.  Perm.  Foss.,  p.  181,  PI. 

15,  Fig.  13-19. 
1856.    Clidophorua  coatatm  v.   Schauroth,    Zeitschr.   d.   Deutsch. 

geol.  Ges.  VIII.,  p.  229,  Taf.  11,  Fig.  2. 
1861.   Pleuroph.  costatm  Gem.,  Dyas  I.,  p.  71,  Taf.  12,  Fig.  32-So. 

Not  rare.     This  species,  moreover,  occurs  from  the  lowest 
layers  of  the  Zechstein  up  to  the  youngest. 

6.  Clidophorm  Pal/am  de  Vern.  sp. 

1845.  Mytilus  Pallasi  Murchison,  do  Verneiiil  et  de  Keyserling, 
Geol.  de  la  Eussie,  H.,  p.  316,  PI.  19,  Fig.  16. 

1850.  Cardiomorpha  modwh'formia  King,  Mon.  Perm.  Foss.,  p.  180, 
PL  14,  Fig.  18-23. 

1856.  Clid.  Pallmi  v.  Schauroth  in  Zeitschr.  d.  Doutsch.  geol. 
Ges.  Vin.,  p.  229,  Taf.  11,  Fig.  3. 

1861.   lb.  Gein.,  Dyas  L,  p.  70,  Taf.  12,  Fig.  29-31. 

♦  Grewingk  in  Zeitschr.  d.  Deutsch.  geol.  Ges.  1867,  p.  163. 
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The  Engb'sh  forms  of  this  species  appear  mostly  some- 
what shorter  than  the  Russian,  yet  transitions  take  place 
between  both.  This,  in  Russia,  very  diffused  species  is 
there  not  confined  only  to  Permian  Limestone  of  the  upper 
horizon,  which  by  degrees  passes  over  into  the  Variegated 
Marls,  but  appears  also  in  the  deeper  (older)  beds.*  In 
Germany  Ciidophorus  Pallasi  is  found  in  great  quantities  in 
the  Rauchwackc  of  the  Middle  Zechstein,  especially  near 
Posneck  in  Thuringia. 

7.  Aucella  Sausmanni  Goldfuss  sp. 

1829.  Modiola  (Acuminata  und  Myiilus  squavwsua  Sedgwick,  in 
Trans.  Geol.  Soc.  London,  2  d.  series,  Vol.  m.,  p.  119  u. 
120. 

1834-40.   Mytxlvs  Hauainanni  Goldfuss,  Petr.  GFerm.,  II.,  p.  168, 
Taf.  138,  Fig.  4.     (Die  alteste  Abbildung !) 

1850.   Myiilus  aquamoaua  u.  M.  aepti/er  King,  Men.  Perm.  Fobs., 
p.  169,  160,  PL  14,  Fig.  1-13. 

1856.   Myt  8(juamo8U8  King,  Joum.  Geol.  Soc.  Dublin,  VII.,  PI.  1, 
Fig.  3. 

1861.   Aucella  llauniiauni  Gein.,  Dyasl.,  j).  72,  Taf.  14,  Fig.  8-16. 

One  good  specimen  of  this  occurs  at  least,  collected  by 
Mr.  C.  Roeder  in  a  shell-breecia  of  the  Variegated  Marls 
near  Manchester.  In  Germany  it  always  accompanies 
Schiz,  Schlotheimi.  Here  and  there  it  already  appears  also 
in  the  lower  beds  of  the  Zechsteins. 

8.  Avicula  Kazaiiensis  de  Vem. 

1845.   Murch.,  de  Vem.  et  de  Keyserling,  Geol.  de  la  Eussie,  II., 
p.  320,  PI.  20,  Fig.  14. 

1861.  Avicula  Kasaiietma  G^in.,  Dyas  I.,  p.  75. 

This  rare  species  was  also  discovered  by  Mr.  Roeder  in 
the  Variegated  Marls  near  Manchester. 

*  Of  Ainali2ky,  iiber  das  Alter  der  Stiife  der  bunten  Mergel  im  Bason 
der  Wolga  und  Oka.    St.  Petersburg,  1886. 
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9.  Chrvillia  (Bakevellia)  antiqua  Miin.  sp. 

1834-40.   Atncula  aniiqua   Miin.,    Goldfuss,    Fetr.    Gtorm.,    11., 

p.  126,  Taf.  116,  Fig.  7. 
1841.   Avicula  inflata,  A»  Binneyi  a.   A,  discora  Brown,  Trans. 

Manchester  Geol.  Soc.  I.,  p.  65,  PI.  6,  Fig.  27-30. 
1845.  Av,  antiqtui  Murch.,  de  Yemenil  et  de  Ko3r8erling,  G^oL  de 

la  Eussie,  II.,  p.  319,  PL  20,  Fig.  13  a. 
1850.   Bakeveflia  antiqua  King,  Mon.  Penn.  Foss.,  p.  168,  PI.  14, 

Fig.  28-34. 
1853.   lb.  V.   Schauroth,   Sitzb.   d.   Wiener   Ak.   d.  Wifls.  XI., 

Fig.  2. 
1856.  lb.  King,  Joum.  Geol.  Soc.  Dublin,  Vol.  VEE.,  P.  2,  p.  8. 

PI.  1,  Fig.  4. 
1864.   GerviUia  antiqua  Gein.,  Dyas,  p.  78,  Taf.  14,  Fig.  17-20. 
1867.  Bakev,  antiqua.  Baily,   Figures  of    Char.   Biitish  Fosedls, 

PI.  42,  Fig.  7. 

Oermllia  or  Bakevellia  antiqua  is  the  most  abundantly 
occurring  species  in  the  Variegated  Marls  near  Manchester, 
yet  it  ranges  through  all  the  beds  of  Zechstein  from  the 
oldest  upwards. 

Besides  the  before  mentioned  Conchifera  of  the  Manchester 
collections,  we  meet  with,  among  the  Gasteropoda,  the 
small  species  described  by  Brown  : 

10.  Natica  minima  Brown. 

1841.   Trans.  Manchester  Geol.  Soc,  I.,  p.  64,  PI.  6,  Fig.  22-24. 
1850.   King,  Mon.  Perm.  Foss.,  p.  212,  PL  16,  Fig.  29. 
1861.   Geinitz,  Dyas  I.,  p.  50,  Taf.  II.,  Fig.  20-22. 

The  appearance  of  the  species  in  the  white  Zechstein- 
dolomite  of  Miihlberg,  near  Sachswerfen,  on  the  southern 
slope  of  the  Hartz,  and  in  the  Upper  Zechstein  beds  of 
Wetterau  nearly  corresponds  to  its  occurrence  in  the  red 
dolomitic  Marls  of  Newtown,  near  Manchester. 

11.  Turbo  helicinus  Schloth.  sp. 

1820.    Trochilites  helicinus  ScMotbeim,  Petrefactenkunde,  p.  161. 
1841.    Turbo  Mancimeruis  u.  T,  minutus  Brown,  Trans.  Qeoh  Soc. 
Manchester,  I.,  p.  63,  PI.  6,  Fig.  1-5. 
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1841-44.    Turbo  Meyeri  Miin,  Goldfuss,  Petr.  Germ.,  HI.,  p.  92, 
Taf.  192,  Fig.  3. 

1850.    Turbo  helicinus  \\,  Turbo  Mancunenais  Kiagt  Mon.  Perm. 
Fobs.,  p.  204,  205,  PL  16,  Fig.  19-22. 

1856.   King,  in  Joum.  Geol.  Soc.  Dublin,  Vol.  VIE.,  P.  2,  p.  11, 
PI.  1.  Fig.  7. 

1861.    Turbo  hdicinua  Gein.,  Dyas  I.,  p.  49,  Taf.  12,  Fig.  3-4. 

Rare  in  the  deepest  (oldest)  Zechstein,  more  abundant  in 
the  Middle;  it  occurs  still  in  the  Upper,  as  in  the  Red 
Marls  of  Manchester. 

12.  Turbo  obtusus  or  Rissoa  obttim  Brown. 

1841.   R.  obtusa  und  R,  minutiesima  Brown,   Trans.    Manchester 

Geol.  Soc.,  I,  p.  64,  PI.  6,  Fig.  19-21  und  Fig.  12-14. 
1861.    Turbo  obtusus  Gein.,  Dyas  I.,  p.  48,  Taf.  11,  Fig.  16,  17. 

From  the  Lower  Zechstein  upwards  to  the  Middle  Zech- 
«tein,  and  in  the  Red  Marls  of  Manchester. 

13.  Rissoa  Oibsoni  Brown. 

1841.    Rissoa  Gibsoni  Brown,  Trans.  Q«ol.  Soc.  Manchester,  I.,  p.  64, 
PI.  6,  Fig.  15-17. 

1850.  lb.  King.  Mon.  Perm.  Foss.,  p.  209,  PI.  16,  Fig.  17. 

1856.   lb.  King,  Joum.  Geol.    Soc.   Dublin,  VII.,    P.  2,  p.  11, 
PL  1,  Fig.  11. 

1856.    Rissoa  Oibsoni  v.  Schauroth,  Zeitschr.  d.  D.  geol.  G«8.,  VII., 

p.  240,  Taf.  11,  Fig.  9. 
1861.   lb.  Gein.,  Dyas  I.,  p.  48. 

Species  not  surely  defined,  somewhat  shorter  and  longer 
specimens  also  occur  along  with  normal  forms,  the  former  of 
which  Kirkby  in  Quart.  Journ.  Geol.  Soc.,  Vol.  XVII.,  PI.  7, 
Fig.  1-6,  has  united  with  Rissoa  Leighi  Brown,  Trans. 
Manchester  Geol.  Soc.  I.,  p.  64,  PI.  6.,  Fig.  9-11,  whilst 
he  designates  the  longer  form  p.  300,  PI.  7,  Fig.  9-10,  as 
TurriMla  or  Turbonilla  Altenburgensis  Gein. 

Both  are  closely  allied,  as  one  also  sees  from  a  comparison 
of  the  good  representations  of  King,  Joum.  of  the  Geol. 
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Soc.  of  Dublin,  Vol.  VII.,  PL  1,  Fig.  10  {Rissoa  ?  Alien- 
InirgemiH)  and  Fig.  11  {Rissoa  ?  GibaonL) 

Turbonilla  (Chemnitzta)  Altenburgensis  Gein,  Dyas  l,p.  48, 
Taf.  11,  Fig.  14-15,  is  a  characteristic  fossil  for  the  Upper 
Zechstein,  where  it  almost  always  accompanies  Schizodm 
Schlotheimi, 

14.  Dentalium  Speyeri  Gein. 

1852.  Geinitz  im  Jahresbericht  der  Wetterauer  Ges.,  von  1850/51, 
p.  198. 

1853.  Dent  Sorbii  v.  Schauroth  in  Sitzb.  d.  K.  K.  Ak,  d.  Wiss.  zu 
Wien,  XI.,  p.  37,  Fig.  20.     (Not  D.  Sorbii  King.) 

1861.   D,  Speyeri  Gein.,  Dyas,  p.  57,  Taf.  12,  Fig.  11-13. 

From  the  deepest  beds  of  the  Zechstein  formation  up  to 
the  youngest,  yet  everywhere  rare. 

One  specimen  lies  before  me  with  Bakevellia  antiqua  from 
tlie  Red  Shales  of  Manchester — 

Here  and  there  on  the  shells  of  Schizodus  or  Bakevellut 
appear  traces  of  Anmilata,  as 

15.  Vermilia  obscura  King,  1850,  Mon.  Perm.  Foss.,  p.  56, 
IM.  6,  Fig.  14,  with  which  also  corresponds  Serjmla  piisilla 
\'{ir.  a.  Geinitz,  ex  parte  Dyas,  p.  39,  Taf.  12,  Fig.  1. 

16.  Filograna  Permiana  King. 

1850.   Mon.  Perm.  Foss.,  p.  56. — Geinitz,  Dyas,  p.  41. 

It  is  very  questionable  whether  a  series  of  needle-shaped, 
almost  smooth  tubes,  lying  around  in  great  numbers  in 
reddish  clayey  layers  of  limestone  from  the  neighbourhood 
of  Manchester,  belongs  to  this.  They  appear  straight  or 
somewhat  bent  and  round- stemmed,  often  Dentalium-like, 
tapering  gradually  to  a  point,  which  is  often  broken  off,  and 
is  closed  as  in  a  Serpula, 

Their  length  scarcely  exceeds  6  m.m.  by  0*2  to  0*4  m.m. 
thick. 
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These  bodies  often  much  resemble  the  tubular  spines  of  a 
Strophalonia,  like  those  drawn  by  King  (Mon.  Perm.  Foss., 
PL  12,  Fig.  33),  though  their  isolated  position  gives  no 
.support  to  this  view. 

By  such  a  derivation,  they  would  be  the  first  and  only 
traces  of  a  Brachiopod  in  the  strata  of  the  Upper  Zechstein. 

Perhaps  these  bodies  occupy  a  more  appropriate  position 
near  the  Pteropoda  by  the  side  of  the  palaeozoic  Tentacu- 
LiTES.  It  deserves  to  be  specially  mentioned  that  Filograna 
Permiana  King,  also  occurs  in  the  Plattendolomite,  North- 
East  of  Gumpelstadt  near  Salzungen  in  Thiiringia,  by  the 
side  of  Schizodtis  Schlotheimi  and  Aucella  Sausmanni. 

17  and  18.  Plantr-remains  occur  in  the  Variegated  Marls  of 
Manchester,  but  very  sparsely  disseminated.  (No.  19)  of  the 
Manchester  Museum  Collection  reminds  one  of  the  branches 
of  Ullmannia  selaginoides  Bgt.  sp.  (Gein.,  Dyas,  Taf.  31, 
Fig.  17-20,  and  Nachtr.  z  Dyas  I.,  1880,  Taf.  4,  Fig.  1-3) 
and  of  Voltzia  Liebeana  Gein.  (1880,  Nachtr.  z,  Dyas  I., 
p.  26,  Taf.  5,  Fig.  1,  2. 

As  No.  23  of  the  Museum  Collection  in  Manchester  shows 
traces  of  fruit  cones  of  Voltzia  Liebeana,  resembling  the 
figures  in  Gein.  Nachtr.  z,  Dyas  1,  Taf.  5,  Figs.  5-19,  so 
the  occurrence  of  that  leaf  covered  branch  on  No.  19  is  pro- 
bably related  more  to  Voltzia  than  to  Ullmannia.  To  this 
may  be  added  the  resemblance  of  the  remains  upon  No  22 
of  the  Museum  Collection  to  the  male-flower  state  of  Voltzia 
Liebeana  Gein.  Nachtr.  z,  Dyas  1,  Taf.  5,  Fig.  26.  The  latter 
possesses,  moreover,  but  a  distant  resemblance  to  the  pro- 
blematical Chondrus?  Binneyi  King,  Mon.  Perm.  Foss.,. 
Taf.  1,  Fig.  1. 

If  one  wishes  to  class  the  before-mentioned  plant-remains 
with  Voltzia,  we  need  not  hesitate  to  class  therewith  a  cast 
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of  a  stem  fragment  before  us,  although  a  microscopic  struc- 
ture thereon  offers  no  determination. 

It  may  be  also  mentioned  that  VoUzia  Liebeana  appears 
not  only  in  the  Kupfer-Schiefer  of  the  Lower  Zechstein,  but 
it  also  has  certainly  been  met  with  in  the  Platten-dolomito 
of  the  Upper  Zechstein  in  Saxony. 

19.  A  large  specimen,  (15  m.m.  in  size)  of  Ghiilielmites 
permianus  Gein.,  as  it  occurs  under  No.  28  of  the  Museum 
Collection,  may  with  certainty  be  classed  as  such,  as  it 
exactly  agrees  with  our  typical  specimens  from  the  Roth- 
liegende  of  Griina  near  Chemnitz  (Gein.,  Leitpflanzen  des 
Rothliegenden  in  Sachsen,  1858,  p.  19,  Taf.  2,  Fig.  6-9). 

One  recognises  the  organic  nature  of  these  bodies  and 
their  connection  with  the  Palms  by  their  unmistakable 
resemblance  to  the  fruits  of  the  living  Ouilielma  specma 
Martins,  of  which  specimens  are  figured  in  the  previously 
quoted  references ;  far  less  characteristic  are  those  forms 
mentioned  as  species  of  Guilielmites  in  Dyas  II.,  1862,  Taf. 
25,  Fig.  7-9. 

Young  specimens  of  Guilielmites^  only  about  2  m.m,  in 
size,  which  lie  scattered  on  No.  15,  can  be  looked  upon  as 
the  young  condition  of  O.  Permianm,  or  of  another  species 
allied  to  Carpolithes  clipeifonnis  Gein.  (Verstein  d.  Stein- 
kohlenformation  in  Sachsen,  1885,  p.  43,  Taf.  22,  Fig.  28, 
A.  B.  C.) 

20.  A  Fossil  plant  which  may  be  compared  with  the 
Spongillopsis  dyadica  Gein.,  Dyas  I.,  p.  132,  Taf.  24,  Fig.  2, 
from  the  Saxon  Rothliegende,  offers  fewer  generic  points  of 
similarity. 

The  before-described  organic  remains  from  the  Variegated 
Marls  near  Manchester  are  distributed  in  the  following 
Classes  and  Orders: — 
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A.  ANIMALS. 

A.    CONCHIFERA. 

1.  Schizodua  Schlotheimi  Oein.  —  Characteristic  fossil. 

2.  Schizodus   rotundatus    Brown  sp.   —   Probably   only 

variety  of  the  preceding  species. 

3.  Schizodus  obscurus  Sow.  sp.  —  Rare. 

4.  ?   Edmondia    elongata    Howse   =    Edmondia  Murchi- 

soniana  King. 

5.  Pkurophorus  costatm  Brown  sp.  =  Area  costata  Brown 

6.  Clidophorus    Pallaai    de  Vem.    sp.    =    Cardiomorpha 

modioUformis  King. 

7.  Aucella  Hausrnanni  Goldf.  sp.  =  Modiola  acuminata 

and  Mytilus  sqamosus  Sedgw. 

8.  Amcula  (Monotia)  Kazanensia  de  Vem.  =  Avic.  Kaaan- 

enaia,  —  Rare. 

9.  Oervillia    {Bakevellia)    antiqua     Mun.    sp.   —   Very 

abundant. 

B.  Gasteropoda. 

10.  Natica  minima  Brown. 

11.  Turho    helicinua    Schl.    sp.,   incl.    Turbo  Mancunenaia 

Brown. 

12.  Riaaoa  obtuaa  Brown,  incl.  Riaaoa  minutiaaima  Brown  = 

Turbo  obtuaua  Gein. 

13.  Riaaoa  Oibsoni  Brown.    Compare  Risaoa  Leighi  Brown 

and  Turbonilla  {Chemnitzia)  Altenburgenaia  Gein. 

14.  Dentalium  Speyeri  Gein.  —  Not  Dent,  Sorbii  King. 

C.  Annulata. 

15.  Vermilia  obacura  King,  incl.  Serpula  puailla  Var.  a. 

Gein. 

1 6.  Filograna  Permiana  King,  probably  belonging  to  the 

Pteropoda. 
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« 

B.  PLANTS. 

A.    CONIFERAE. 

17  and  18.    Voltzia  Liebeana  Gein.  —  P    Ullmannia  sela- 
ginoides  Bgt. 

B.  Palmae. 

19.  Ouilielmites  permianua  Gein. 

C.    Al.GAE. 

20.  Spongillopsia  dyadica  Gein. 

The  totality  of  the  fossil  remains  assigns  this  group  of 
Variegated  Marls  to  the  Upper  Zechstein  or  "  Upper  Mag- 
nesian  Limestone  "  which  is  here  partly  represented  by  the 
Red  and  Green  Marls,  Clay  Shales,  and  Sandstones,  with 
interposed  thin  layers  of  Dolomitic  Limestone  or  Nodules  of 
the  same. 

This  position  has  long  ago  been  assigned  to  them  by 
Sedgwick*  (by  Sir  R.  J.  Murchisonf)  Binney,  King,  R. 
Howse  and  J.  W.  Kirkby,  and  H.  B.  Geinitz,  Dyas  II. 

In  the  Upper  Zechstein  the  Brachiopoda  are  absent  here, 
as  everywhere  in  Germany,  unless  one  wishes  to  recognise 
in  the  doubtful  Filograna  Permiana  King,  the  tubular  spines 
of  a  Strophalosia. 

The  majority  of  the  here-occurring  species  is  principally, 
at  least,  attached  to  the  Upper  Zechstein,  though  some 
already  make  their  appearance  in  the  lower  strata. 

But  we  are  not  any  longer  dealing  with  a  pure  marine 
fauna,  as  still  in  the  Middle  and  Lower  Zechstein,  but 
rather  with  irregular,  alternating  clayey  and  sandy  coast 
deposits,  mixed  up  between  the  calcareous  marine  deposits, 


♦  Rev.  A.  Sedgwick  on  the  Geol.  Relations  and  internal  Structure  of  the 
Magnesian- limestone  Series.  (Trans,  of  the  Geol.  Soc.  of  London,  Second 
Ser.,  Vol.  III.,  P.  I.,  1829,  p.  37.) 

t  R.  J.  Murchison,  Siluria,  1854,  1869,  etc. 


553 

with  the  last  remains  of  the  Permian  or  Dyassic  fauna. 
The  proved  traces  of  land  plants  therein  occurring  as  Voltzia 
Liebeana  and  Ouiltelmites  permianm  can  only  confirm  this. 

I  have,  in  unison  with  C.  F.  Naumann  and  A.  v.  Gutbier, 
considered  such  mostly  red-coloured  deposits,  which  have  been 
carried  hither  as  a  sandy  clayey  mud  or  as  shingle  from  neigh- 
bouring coasts  in  the  Zechstein  Sea,  as  the  time  equivalents 
of   the  Zechstein   and   designated  as  Upper  Rothliegende. 

In  Germany,  in  this  way,  the  Lower  and  Middle  Zechstein 
is  generally  only  represented  by  the  Upper  Rothliegende, 
whilst  the  Upper  Zechstein  overlies  both  the  Middle  Zecli- 
stein  (as  Rauchwacke)  as  also  the  Upper  Rothliegende. 

There  is,  however,  no  rational  ground  against  the  idea 
that  land,  or  coast  formations  of  the  Upper  Rothliegende 
itself  may  not  invade  the  regions  of  the  Upper  Zechstein. 

This  relation  has  resulted  in  the  neighbourhood  of  Man- 
chester, as  also  in  different  parts  of  Russia  {Etage  tartarien 
Nikitin*)  in  the  variable  nature  in  the  Stage  of  the  Upper 
Zechstein,  and  in  the  series  of  the  Variegated  Marls. 

My  conception  of  the  Upper  Rothliegende  stands  in 
opposition  to  the  views  of  other  authors  on  the  Upper 
Rothliegende,  and  it  is  as  a  rule  assumed  that  all  Rothlie- 
«i^ende  must  be  older  than  Zechstein,  whose  lower  members 
it  should  underlie. 

Only  THE  Lower  and  the  Middle  Rothliegende,  which 
represent  the  true  Lower  Dyas  or  Lower  Permian,  ai(^ 
older  than  the  whole  series  of  the  Zechstein  down  to  th(» 
Weissliegende  of  Freiesleben  or  the  Zechstein-Conglomeratc 
of  Beyrich. 

Where  such  coast  formations  of  the  Dyas  are  directly  suc- 
ceeded by  those  often  soon  following  similar  formations  of 


*  S.  Nikitin,  Rccherches  g6ologique8  le  loDg  de  la  ligne  du  chemin  dr 
fer  de  Samara-Oufa.  Zechstein  et  I'^tago  tartarien.  1887.  8°. — S.  Nikitin, 
Biblioth^ue  geologique  de  la  Russie,  III.,  1887,  Nr.  23,  42. 
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the  Trias,  that  is  to  say,  of  the  variegated  sandstones  as  was 
the  case  in  several  parts  of  Germany,  as  well  as  near  Man- 
chester, a  safe  determination  of  their  limit  will  not  be 
always  easy,  and  will  give  many  an  occasion  for  captious 
disputes  of  delimitations.  Without  wishing  to  enter  more 
particularly  into  such  discussions  here,  I  would,  however, 
point  out,  that  also  in  England,  erosions  of  the  Upper  Zech- 
stein  are  known,  very  similar  to  those  parts  of  Saxony  and 
Thiiringia  described  by  me.*  Compare  the  Section  of 
Knottingley  ;  Sedgwick  a.a.O.,  p.  110,  PL  4,  Nr.  1  and  PI. 
7,  Fig.  6,  and  of  Bedford:  Binney  a.a.O.,  1885,  p.  30. 

Where  it  can  be  observed,  that  erosions,  continuing  for 
a  long  time,  have  converted  the  surface  of  the  Upper  Zech« 
stein,  especially  of  the  Plattendolomites,  into  proper  cliffs, 
before  the  red  marls  (Letten),  have  again  filled  up  the  gaps, 
there  also  appears,  the  boundary,  very  sharply  marked, 
although,  unfortunately,  often  hidden,  between  the  Upper 
Zechstein  and  the  lower  members  of  the  Variegated  Sand- 
stones. 

Ingenious  explanations,  to  which  recourse  has  been  had,  in 
order  to  explain  these  phenomena  by  means  of  the  subsequent 
action  of  dissolving  waters,  following  the  deposition  of  the 
variegated  marls  (Letten)  at  the  boimdary  between  the 
Zechstein  and  the  Variegated  Sandstone,  I  must,  so  far  as 
the  occurrences  mentioned  in  "Leopoldina  XXI.,'*  are 
concerned,  consider  as  abortive. 

May  my  honoured  geological  colleagues  in  England 
succeed,  even  in  the  neighbourhood  of  Manchester,  in  obtain- 
ing still  fresh  evidence,  in  a  similar  mode,  in  order  to  gain 
further  light  as  to  the  natural  delimitation  of  the  Permian 
system  in  its  upper  division,  or,  in  other  words,  between  the 
palaBozoic  Dyas  and  the  mesozoic  Trias ! 

*  Geinitz,  iiber  die  Grenzen  der  Zechsteinformation  und  der  Dyas 
iiberhaupt.  (Leopoldina,  1885,  XXI.) — Zur  Dyas  in  Hessen.  (Fest- 
Schrift  d.  Yer.  f.  Naturkunde  in  Eassel.    Kassel,  1886). 
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ON  THE  MIDDLESBOROUGH  SALT  WORKS,  AND  THE 
RECENT  BORING  ON  THE  LACKENBY  FORE- 
SHORE ESTATE. 

By  Mr.  Thomas  Bell,  H.M.  Inspector  of  Mines,  Durham. 
(Communicated  by  Mr.  Joseph  DicinirsoN,  F.G.S.) 


The  Northern  Salt  industry  has  developed  with  remark- 
able rapidity  since  its  establishment.  At  first  in  a  modest 
way  by  Messrs.  Bell  Brothers,  Limited,  at  Port  Clarence,  in 
the  County  of  Durham,  about  the  year  1884. 

It  has  already  become  an  important  factor  in  the  in- 
dustrial life  of  Teesside,  and  hardly  to  a  less  extent  in  that 
of  Tyneside,  whose  chemical  works  are  no  longer  dependent 
upon  the  distant  salt  fields  of  Cheshire  and  Worcestershire, 
but  now  obtain  their  supplies  of  salt  from  the  apparently 
^xhaustless  stores  imderlying  the  banks  of  the  sister  river. 

Cleveland  Salt  is  also  fast  superseding  that  of  the 
Southern  counties  for  the  use  in  the  East  Coasts  Fisheries, 
in  Iceland,  and  in  some  of  the  North-West  Ports  of  Europe, 
and  has  even  been  shipped  round  to  the  chemical  works  of 
the  Clyde.  It  will  not,  therefore,  be  surprising  to  learn 
that  the  output  during  the  past  year  nearly  reached  220,000 
tons,  or  rather  more  than  the  total  consumption  of  salt  by 
the  Tyne  chemical  works. 

It  is  expected  that  this  quantity  will  in  a  short  time  be 
doubled,  as  these  various  works  are  being  rapidly  extended. 
Messrs.  Tennant  &  Co.  have  recently  put  down  four  additional 
evaporating  pans  at  Haverton  Hill,  with  a  view  to  making 
domestic  or  table  salt,  the  adjoining  works  owned  by  the 
Salt  Union  being  hitherto  the  only  works  where  salt  of  this 
description  was  produced. 
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The  Cleyeland  Salt  Co.  have  recently  erected  six  large 
pans  for  the  utilisation  of  the  waste  heat  from  the  Middles- 
borough  blast  furnaces,  and  the  Salt  Union  are  at  present 
erecting  pans  to  be  heated  in  like  manner  from  the  fumaoes 
at  Clarence  Iron  Works.  The  system  of  having  the  pans 
driven  by  waste  heat  frOm  the  blast  furnaces  is  an  advantage 
of  which  the  full  value  can  only  be  realised  in  times  of  dear 
fuel  like  the  present. 

At  the  end  of  the  year  1889  there  were  98  evaporating 
pans  in  work,  and  22  in  course  of  construction  in  this 
district. 

Wharves  are  already  being  constructed  on  the  Tees  by 
some  of  the  firms  to  facilitate  the  shipment  of  salt  instead 
of  sending  it  by  rail. 

The  Salt  Union  have  bored  two  additional  wells  during 
the  past  year  for  the  supply  of  their  pans,  and  Messrs.  Bell 
l^rothers  are  now  boring  two  additional  wells  at  Clarence 
for  the  supply  of  brine  to  their  soda  works. 

The  first  boring  was  commenced  by  Messrs.  Bolckow, 
V'liughan  &  Co.,  now  merged  into  the  Cleveland  Salt  Com- 
pany, Limited,  near  to  the  docks  at  Middlesborough,  in 
July,  1859,  originally  with  a  view  to  finding  a  supply  of 
water  for  their  iron  and  other  works. 

The  bed  of  salt  was  reached  in  August,  1862,  at  a  depth 
of  1206  feet  from  the  surface,  and  proved  to  be  100  feet  in 
thickness.  This  hole  is  taken  as  a  base  for  the  following 
holes  bored  on  a  line  nearly  due  east  on  the  south  or  Cleve- 
land side  of  the  River  Tees  as  far  as  Lackenby,  which  is 
the  east-most  and  deepest  hole  in  the  district  where  salt  has 
been  found. 

The  next  in  order  was  that  of  the  Middlesbrough  Estate 
Owners,  who  put  down  a  well,  in  1887,  at  North  Ormesby 
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(about  half-a-mile  south  of  the  Middlesborough  dock),  and 
proved  the  salt,  at  a  depth  of  1341  feet,  to  be  79  feet  in 
thickness,  resting  on  6  feet  of  anhydrous  gypsum,  with  a 
bed  of  10  feet  of  salt  underneath.  They  are  now  boring  a 
second  well  and  erecting  a  large  plant  and  evaporating  pans 
at  Cargo  Fleet,  where  it  is  expected  that  salt-making  will 
be  commenced  during  the  present  spring. 

At  the  Imperial  Iron  Works,  about  one  and  two-third  miles 
east  of  Middlesborough  dock,  a  well  was  bored  and  salt 
proved  at  a  depth  of  1574  feet,  to  be  86^  feet  in  thickness ; 
this  well  has  not  yet  been  worked.  The  south  bank  well,, 
owned  by  the  Cleveland  Salt  Company,  comes  next  in  the 
line  eastwards,  and  is  about  two  miles  east  of  their  first  well 
sunk  near  the  Middlesborough  docks.  The  salt  was  foimd 
here,  at  a  depth  of  1670  feet,  to  be  81  feet  in  thickness,  and 
has  been  worked  for  the  last  three  or  four  years.  This  com- 
pany is  now  engaged  putting  down  a  second  well,  which  is 
expected  to  be  completed  during  the  present  month.  The 
pans  at  this  establishment  are  all  driven  by  the  waste  heat 
from  the  south  bank  (Eston)  blast  furnaces. 

Mr.  T.  C.  Hutchinson  and  his  partners,  who  own  about  60 
acres  of  reclaimed  land,  being  part  of  the  foreshore  and 
bed  of  the  River  Tees,  near  to  Lackenby,  in  the  North 
Riding  of  York,  determined  to  prove  whether  salt  existed 
under  their  estate,  and  commenced  to  bore  in  July  last,  at  a 
distance  of  one  and  one-eighth  miles  a  little  to  the  north  and 
east  of  the  south  bank  boring,  and  to  the  full  dip  of  the 
measures.  They  entrusted  the  work  to  Messrs.  Mather  & 
Piatt,  of  Manchester,  who  used  the  American  or  "chopping" 
type  of  boring  machine,  and  proved  the  salt  in  November, 
at  1685  feet  from  the  surface,  to  be  119  feet  in  thickness. 

This  American  system  of  boring,  as  is  well  known  to 
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Mr.  Stirrup  said:  I  have  much  pleasure  in  moYing  a 
vote  of  thanks  to  Mr.  Dickinson  for  oommunicating  the  paper 
from  Mr.  Thomas  Bell.  I  am  sore  it  will  be  f oond  extremelT 
valuable  when  printed  in  our  Transactions. 

^rhe  motion  was  seconded  by  Mr.  Crankshaw  and  passed. 

Mr.  Stikrvp  said :  I  should  like  to  ask  if  the  exact 
stratigraphical  position  of  this  salt  rock  is  made  out.  Mr. 
Dickinson  has  certain  views  with  regard  to  the  position 
of  these  salt  deposits;  are  these,  in  his  opinion,  on  the 
same  geological  horizon  as  we  find  them  at  Northwich  ? 

Mr.  Dickinson  :  I  wish  Mr.  De  Ranee  had  been  here  to- 
day ;  because,  at  the  Society's  meeting  on  the  12th  November 
last  he  stated  that  he  had  that  morning  heard  a  piece  of 
information  as  to  this  particular  bore-hole.  The  boring, 
on  the  preceding  day  (he  said)  had  reached  the  rock  salt  "  at 
a  point  the  most  easterly  of  any  borings  in  that  district ; 
and  in  that  boring  they  had  passed  through  the  Lias  and  the 
whole  series  of  underlying  beds."  Now,  the  paper  which 
Mr.  Bell  has  written  states  distinctly  that  they  have  not 
passed  through  any  Lias ;  so  that  the  actual  proof  of  the 
Lias  overlying  the  salt  beds  yet  remains  to  be  solved. 

Mr.  Stirrup  :  I  know  there  was  a  difference  of  opinion 
with  regard  to  the  age  of  these  Middlesborough  salt  beds  at 
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the  British  Association  meeting  at  Newcastle.  Professor  Hull 
seemed  to  differ  from  some  other  authorities  as  to  whether 
there  were  two  horizons  of  salt  in  that  district  or  only  one. 

Mr.  Dickinson:  I  see  you  said  at  that  meeting,  that 
Professor  Hull  stated  that  this  was  the  only  district  in  the 
British  Islands  where  there  were  two  geological  horizons 
for  salt — ^meaning,  I  presume,  the  Keuper  and  the  Permian. 
Mr.  De  Ranee,  on  the  other  hand,  said  that  the  salt  measures 
of  the  Middlesborough  area  were  all  in  one  horizon — the 
Permian.  There  is  no  doubt  that  all  the  Middlesborough 
salt,  as  hitherto  proved,  lies  above  the  Magnesian  Limestone, 
which  is  called  Permian.  I  call  the  marls  in  which  the 
salt  at  Middlesborough  lies  the  Saliferous  Marls,  and  all 
the  salt  hitherto  found  there,  lies  above  the  Magnesian 
limestone. 
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Mr.  Stirrup  said :  I  have  much  pleasure  in  moving  a 
^ote  of  thanks  to  Mr.  Dickinson  for  communicating  the  paper 
from  Mr.  Thomas  Bell.  I  am  sure  it  will  be  found  extremely 
valuable  when  printed  in  our  Transactions. 

The  motion  was  seconded  by  Mr.  Crankshaw  and  passed. 

Mr.  Stihrup  said:  I  should  like  to  ask  if  the  exact 
stratigraphical  position  of  this  salt  rock  is  made  out.  Mr. 
Dickinson  has  certain  views  with  regard  to  the  position 
of  these  salt  deposits;  are  these,  in  his  opinion,  on  the 
same  geological  horizon  as  we  find  them  at  Northwich  ? 

Mr.  Dickinson  :  I  wish  Mr.  De  Ranee  had  been  here  to- 
day ;  because,  at  the  Society's  meeting  on  the  12th  November 
last  he  stated  that  he  had  that  morning  heard  a  piece  of 
information  as  to  this  particular  bore-hole.  The  boring, 
on  the  preceding  day  (he  said)  had  reached  the  rock  salt  "  at 
a  point  the  most  easterly  of  any  borings  in  that  district ; 
and  in  that  boring  they  had  passed  through  the  Lias  and  the 
whole  series  of  underlying  beds."  Now,  the  paper  which 
Mr.  Bell  has  written  states  distinctly  that  they  have  not 
passed  through  any  Lias ;  so  that  the  actual  proof  of  the 
Lias  overlying  the  salt  beds  yet  remains  to  be  solved. 

Mr.  Stirrup  :  I  know  there  was  a  difference  of  opinion 
with  regard  to  the  age  of  these  Middlesborough  salt  beds  at 
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the  British  Association  meeting  at  Newcastle.  Professor  Hull 
seemed  to  differ  from  some  other  authorities  as  to  whether 
there  were  two  horizons  of  salt  in  that  district  or  only  one. 

Mr.  Dickinson:  I  see  you  said  at  that  meeting,  that 
Professor  Hull  stated  that  this  was  the  only  district  in  the 
British  Islands  where  there  were  two  geological  horizons 
for  salt — ^meaning,  I  presume,  the  Keuper  and  the  Permian. 
Mr.  De  Ranee,  on  the  other  hand,  said  that  the  salt  measures 
of  the  Middlesborough  area  were  all  in  one  horizon — the 
Permian.  There  is  no  doubt  that  all  the  Middlesborough 
salt,  as  hitherto  proved,  lies  above  the  Magnesian  Limestone, 
which  is  called  Permian.  I  call  the  marls  in  which  the 
salt  at  Middlesborough  Hes  the  Saliferous  Marls,  and  all 
the  salt  hitherto  found  there,  lies  above  the  Magnesian 
limestone. 


NOTICE    TO    MEMBERS. 


The  Members  will  be  pleased  to  learn  that  a 
new  Catalogue  of  the  Library  (which  has  been  so 
long  needed)  is  now  in  the  course  of  preparation, 
and  it  is  hoped  that  it  will  be  ready  for  use  and 
distribution  at  the  commencement  of  the  forth- 
coming  session   in   October   next. 


June,  1890. 
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WIGAN    MEETING. 

The  Ordinary  Meeting  of  the  Memhers  was  held  on 
Friday,  May  9th,  1890,  in  the  Mining  School,  Wigan. 

Mr.  County  Alderman  W.  8.  Barrett,  J.P.,  Vice-President, 

in  the  Chair. 


NEW   MEMBER. 


The    following    gentleman   was  balloted  for  and  duly 
elected  an  Ordinary  Member  of  the  Society : — 

Mr.  W.  S.  Gresley,  F.G.S.,  Erie,  Pa.,  U.S.A.  . 


The  Chairman  announced  that  arrangements  would 
shortly  be  made  for  an  excursion  to  a  part  of  the 
Manchester  Ship  Canal  not  previously  visited  by  the 
Society,  but  the  date  had  not  yet  been  fixed.  He  then 
called  on  Mr.  James  Tonge  to  read  a  paper  on 
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NOTES  ON   COAL   MEASURE   FOSSII^. 


Mr.  ToNGE  said:  Mr.  Chairman  and  Gentlemen,  I  am 
afraid  the  few  remarks  I  shall  make  this  afternoon  cannot 
be  dignified  by  the  title  **  Notes  on  Coal  Measure  Fossils/ 
which  appears  in  your  notice  of  to-day's  meeting,  but  rather 
an  apology  for  such.  When  our  esteemed  Secretary 
(Mr.  Stirrup)  a  few  months  ago  said  to  me  and  a  friend 
that  he  wished  he  coidd  induce  members  of  the  Society  to 
be  at  a  little  trouble  to  preserve  for  the  use  of  the  Society 
any  good  fossils  they  met  with,  noting  carefully  the  exact 
position  they  occupied  in  or  near  the  mines,  I  at  once 
collected  a  few  from  the  Hulton  Mines.  But  whilst  so 
engaged  the  possible  usefulness  of  the  collection  grew  in  my 
mind,  and  I  conceived  the  larger  idea  of  taking  Mr. 
Dickinson's  printed  section  of  the  "  Coal  Strata  of  Lanca- 
shire "  (read  before  this  Society  in  1863) ;  making  from  it 
sections  to  scale  of  the  coal  seams  in  the  various  Lancashire 
districts,  and  marking  upon  these  sections  the  fossils  found, 
with  their  exact  horizon.  Having  thus  got  started,  friends, 
who  knew  what  I  was  doing,  kindly  began  to  send  in  such 
specimens  as  they  thought  might  be  interesting  and  useful, 
and  these  came  in  such  nimibers  (especially  after  the  project 
had  been  brought  to  the  notice  of  the  Lancashire  Branch  of 
the  National  Colliery  Managers'  Association),  that,  in 
accordance  with  the  proverb,  "Much  will  have  more,'*  I 
again  set  before  me  a  larger  aim,  viz.,  to  fill  up  the  chart, 
if  possible,  with  fossils  from  every  seam  from  the  top  of  the 
upper  coal  measures  to  the  base  of  the  lower.  Meantime 
friends  continued  to  send  in  specimens  until  I  found  I  had 
a  very  considerable  collection,  and  during  the  last  few  days, 
through   the   exceedingly   kind  manner  in   which   a   few 
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gentlemen  have  interested  themselves  in  the  matter,  the 
specimens  have  come  in  faster  than  I  could  arrange,  label, 
and  mark  on  the  sections,  and  I  have  promises  from  other 
gentlemen  of  many  more  specimens.  Under  these  circum- 
stances, and  as  the  fossils  are  intended  to  be  given  to  the 
Society,  or  so  many  of  them  as  they  care  to  accept,  I  thought 
I  should  be  excused  if  I  delayed  the  reading  of  a  paper  and 
the  showing  of  the  fossils  until  the  meeting  at  Manchester, 
when  the  fossils  would  bo  at  homo.  I  must  add  another 
word.  During  the  collecting  time  I  have  found  that  the 
Ordnance  Geological  Surveyors  have  already  obtained  more 
fossils  from  the  Lancashire  coal  fields  than  I  was  previously 
aware  of,  so  that  I  may  not  be  able  to  get  together  much 
that  is  really  new,  but  perhaps  I  may,  and  I  trust  I  shall, 
be  able  to  bring  together  in  a  convenient  form  a  considerable 
number  of  specimens,  with  their  positions  marked  on  a 
chart  in  such  a  way  that  it  may  easily  be  seen  to  what  age 
they  belong.  Of  course,  the  Ordnance  Surveyors  will  have 
their  fossils  in  their  own  possession,  so  that  their  having 
them  does  not  lessen  the  necessity  for  our  trying  to  get  the 
same  for  our  own  Society,  but  should  rather  increase  our 
desire  to  find  such  as  they  have,  if  we  have  not  already  got 
them.  I  am  indebted  to  so  many  gentlemen  for  their  kind 
assistance  that  I  fear  to  trouble  you  with  the  list  of  names 
at  this  time,  but  the  names  of  contributors  will  be  found 
along  with  the  names  of  fossils  sent.  I  should  esteem  it  a 
great  favour  if  any  member  present,  who  has  a  fossil  or 
fossils  from  the  coal  measures  that  he  would  like  to  present 
to  the  Society,  woidd  kindly  entrust  me  with  it,  that  I 
might  mark  it  on  the  section  in  its  proper  place,  and  so  help 
to  fill  up  the  series.  Of  course,  I  consider  that  they  are  not 
given  to  me,  but  to  the  Society,  and  they  shall  be  carefully 
sent  there.  And  so  anxious  am  I  to  get  the  sections  filled 
up,  that  if  any  gentleman  has  a  coal  measure  fossil  that  he 
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does  not  wish  to  part  with,  I  should  be  glad  to  know  its 
name  and  exact  place  in  the  strata,  that  it  might  at  least  be 
shown  on  the  section.  I  feel  sure  that  though  the  range  of 
some  of  the  shells  and  plants  seems  to  be  Tory  considerable, 
(and  so  it  will  happen  that  a  shell  or  plant  does  not  always 
indicate  with  absolute  certainty  the  exact  place)  collier}^ 
proprietors,  managers,  and  others  would  not  only  derive 
pleasure  but  assistance  by  the  aid  of  a  pretty  complete  list  of 
coal  measure  fossils  and  their  places.  The  collection,  so  far, 
includes  specimens  ranging  from  the  upper  part  of  the 
Middle  Coal  Measures  to  the  Lower  Mountain  Mine,  and  the 
localities  embraced  are  Darwen,  Bolton,  Manchester,  Tyldes- 
ley,  Leigh,  Wigan,  and  districts  surrounding  these  towns. 
Of  course  I  am  aware  that,  after  all,  I  shall  be  able  to  add 
only  a  very  little  information  respecting  our  coal  measure 
fossils ;  but  I  hope  it  will  at  least  have  the  merit  of  being 
in  a  usef id  form. 


ON  A  TREE  BRANCH  FOUND  IN  THE  DRIFT. 


Mr.  G.  H.  HoLLiNG WORTH  exhibited  a  tree  branch  which  he 
had  found  in  the  drift  at  a  depth  of  forty  (40)  yards  in  the 
sinking  of  the  Brcdbury  Collieries.  The  only  peculiarity 
about  the  tree  branch  was  the  depth  at  which  it  was  found 
in  the  drift,  and  that  would  go  to  show  that  the  age  of  the 
drift  was  scarcely  so  great  as  mathematical  geologists  some- 
times made  out.  The  Sand  bed  in  which  the  branch  was 
found  also  contained  many  water-worn  pieces  of  coal  and 
cannel.  The  following  was  the  section  of  strata  passed 
through  : — 
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SECTION  OF  STRATA  PASSED  THROUGH  IN  SINKING 
THE  No.  1  (DEEP)  PIT  AT  LINGARD  LANE,  IN 
THE  TOWNSHIP  OF  BREDBURY,  FOR  MESSRS. 
J.    &    R.    STOTT-MILNE. 

Yds.    Ft.     Ins. 

Clay 3  2  0 

Marl 2  2  0 

Quicksand     1  2  8 

Marl  with  sand-beds  and  runners  .  .  6  1  0 

Quicksand    0  1  3 

Marl  and  sand 3  2  6     • 

Strong  marl 4  1  8 

Soft  foliated  marl  and  sand   8  1  10 

Soft  marl 1  0  0 

Strong  stony  marl    1  2  6 

Sand 0  0  6 

Strong  stony  marl   3  1  1 

Sand 1  1  0 

Marl 0  2  0 

Sand  (coal,  cannel,  and  tree  branch)  10  6 

Wet  loam 0  1  6 

Strong  stony  red  marl 4  1  7^ 

A  vote  of  thanks  to  Mr.  HoUingworth  was  unanimously 
passed. 


A  NEW  FORM  OF   BELL  FOR  SIGNALLING  IN 
COLLIERIES,  RAILWAYS,  &c.,  &c. 

By  Mr.  G.  S.  Corlett,  A.M.I.E.E. 


The  question  of  providing  a  simple,  efficient,  and  reliable 
method  of  communication  between  two  or  more  places  being 
of  such  importance,  the  writer  feels  that   no  apology  is 
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necessary  for  introducing  to  the  members  of  this  Society  an 
apparatus  which  is  an  improvement  upon  existing  methods 
of  signalling;  but  he  must  apologise  for  the  somewhat 
disjointed  and  incomplete  manner  in  which  he  is  able  now 
to  bring  the  matter  before  them,  owing  to  the  short  time  at 
his  disposal,  it  being  only  a  week  since  he  was  asked  to 
write  this  paper. 

The  principle  involved  in  the  bells  is  extremely  simple, 
and  hinges  on  the  fact  that  by  moving  a  coil  of  wire  in  the 
neighbourhood  of  a  magnet  a  current  of  electricity  is 
generated  in  the  wire.  It  is  precisely  the  same  as  that 
which  holds  good  in  all  djmamo  machines,  with  this 
difference  of  detail,  that  in  dynamos  the  magnetic  field  is 
obtained  from  electro  magnets,  and  in  these  bells  from 
permanent  steel  magnets. 

As  will^be  seen  from  the  samples  on  the  table,  there  are 
two  distinct  parts  of  the  apparatus,  viz.,  the  generator  and 
the  bell. 

The  generator  (Fig.  1)  is  a  small  djmamo  machine,  and 
consists  of  a  compound  horse-shoe  permanent  steel  magnet, 
fitted  with  soft  iron  pole  pieces,  between  which  is  pivotted  a 
soft  iron  H  ^^  Siemen's  armature,  wound  longitudinally 
with  insulated  copper  wire.  In  connection  with  this 
armature  is  the  operating  mechanism,  consisting  of  a  short 
arm  attached  to  the  spindle,  terminating  in  a  press  button, 
which  can  be  depressed  by  the  finger  against  a  retractive 
spring.  By  means  of  this  mechanism  the  armature  can 
easily  be  rotated  backwards  and  forwards  through  an  arc  of 
about  30°  or  40°,  this  motion  generating  a  current  of 
electricity  in  the  armature  wire,  which  is  conveyed  to  the 
line  wire,  and  so  to  the  bell  at  the  other  end.  No 
commutator  is  required,  as  the  rotation  does  not  extend 
through  a  complete  circle ;  one  end  of  the  armature  wrapping 


is  connected  to  the  iron  core,  and  through  that  to  the  body 
of  the  iostrument,  and  then  to  the  earth  terminal,  the  other 
end  being  joined  to  an  insulated  plug  in  the  centre  of  the 
spindle,  which  runs  against  a  contact  spring  joined  to  the 


line  terminal.  For  reply  ringing  on  a  single  wire,  as  in 
shaft  signal  work,  an  automatic  arrsngement  to  cut  the  bell 
out  of  circuit  at  the  moment  of  ringing  is  added  (Fig.  3).  This 
is  efFocted  by  a  spring  working  between  two  contacts,  and 
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whicli  u  connected  direct  to  the  line  tenniQal,  the  bottom 
contact  being  joined  to  the  bell  and  the  top  one  to  the 
generator,  the  other  ends  of  these  latter  apparatus  going  to 
earth  terminal.     At  rest  the  bell  contact  is  bearing  firmly 


against  the  spring,  the  generator  stud  not  touching  the 
spring,  so  that  a  current  being  sent  in  from  a  generator  at 
the  distant  end  will  pass  direct  to  the  bell  and  then  to  the 
earth.  In  ringing  outwards,  directly  the  lever  begins  to 
move,  the  bell  contact  is  broken,  and  the  spring  comes  up 
againat  the  generator  contact,  so  that  the  current  generated 


by  the  motion  of  the  annsture  can  pass  out  to  line,  and  thus 
to  the  bell  at  the  far  end. 

The  bell  (Fig.  2)  is  almost  exactly  the  same  in  construction 
aa  the  generator,  the  dynamo  with  ita  armaturQ  and  steel 
magnets  being  common  to  both.  The  spindle,  however,  in  this 
case  is  vertical  instead  of  horizontal,  and  carries  an  arm,  ter- 
minating in  a  hammer  head,  which  is  arranged  to  strike 


against  a  lug  cast  on  the  dome.  The  action  in  the  bell  is 
exactly  the  converse  of  that  performed  in  the  generator. 
The  currents,  which  are  induced  in  the  armature  of  the 
generator  by  rotating  it  in  a  magnetic  field,  are  conducted 
to  the  armature  of  the  motor,  and  these  currents  cause  thia 
armature  to  revolve  through  the  same  proportion  of  a 
revolution,  so  striking  the  gong,  and  thus  performing  the 
work  required  of  it. 
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In  fact,  the  system  is  merely  the  transmisaion  of  power 
by  electricity  from  one  point  to  another,  the  mechanical 
force  exerted  by  the  depression  of  the  key  on  the  generator 
being  there  converted  into  electrical  energy,  conveyed  by  wires 
to  the  motor  on  the  bell,  and  there  reconverted  into  the  mechan- 
ical force  which  is  used  to  strike  the  bell.  After  showing  the 
type  in  which  the  generator  and  bell  are  combined  in  one 
case  (Fig.  8),  the  writer  proceeded.  It  might  fairly  be  objected 
that  in  many  exposed  and  trying  situations,  such  as  the  bottom 
of  a  icet  colliery  shaft,  the  damp  would  speedily  saturate  the 
whole  of  the  case  with  moisture,  and  so  the  current  instead 
of  doing  its  proper  duty  and  ringing  the  bells  on  the 
surface,  would  find  a  short  cut  home  through  the  moisture, 
and  do  no  work  at  all.  The  writer  has  carefully  considered 
this  point,  and  has  arranged  that  the  spindle  be  led  out 
through  a  gland,  thus  making  the  generator  and  its  contents 
completely  dust-proof,  and  that  the  entire  generator  be 
enclosed  in  an  iron  outer  case,  water-proof  and  dust-proof. 
He  has  seen  the  patentees,  Messrs.  Cox- Walker  and  Swinton, 
during  the  week,  and  they  also  consider  that  instruments 
made  to  his  specification  may  safely  be  fixed  in  any  place, 
no  matter  however  wet  it  may  be.  The  writer  has  connected 
up  these  bells  on  the  table  through  half  a  mile  of  the  kind  of 
wire  generally  used  for  colliery  signalling  to  make  the  con- 
ditions resemble  as  much  as  possible  actual  work. 

In  the  ordinary  form  of  signals  worked  by  batteries  there 
is  a  constant  consumption  of  material,  involving  a  certain 
amount  of  expense  and  attention,  and  if  not  properly  looked 
4ifter  leading  to  a  failure  of  the  system.  Further,  in  very 
wet  places  it  is  practically  impossible  to  maintain  the 
insulation  of  the  whole  system  perfect,  thus  causing  a 
constant  drain  on  the  batteries,  which  in  many  cases 
becomes  a  very  serious  matter,  not  only  from  the  expense  of 
new  battery  cells  and  zincs,  but  because  the  current  tends 
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to  decompose  the  various  substances  in  its  path,  and  so  the 
brass  terminals,  the  connecting  wires,  &c.,  are  corroded  or 
eaten  away,  thus  entirely  stopping  the  working  of  the 
signals,  and  owing  to  its  peculiar  nature  the  fault  is  often 
very  difficult  to  discover. 

With  magneto  bells,  as  will  have  been  seen,  no  expendi- 
ture of  material  takes  place,  the  work  being  done  by 
mechanical  and  not  chemical  energy ;  and  except  the 
repairs  which  may  be  necessary  to  the  bearings,  &c.,  of  the 
generators,  the  instruments  are  practically  everlasting,  and 
they  will  work  for  a  long  time  with  no  attention  whatever. 
Further,  as  all  the  currents  are  momentary  and  only 
generated  at  the  time  of  ringing,  the  electrolytic  action 
which  is  found  so  harmful  in  battery  signals  on  leaky 
circuits  is  entirely  absent  here. 

Being  so  extremely  simple,  the  liability  to  failure  is 
reduced  to  a  minimum,  especially  when  it  is  remembered 
that  the  maximum  power  is  always  available.  For  shaft 
signal  work  and  for  communicating  between  any  two  distant 
points  in  a  mine,  these  bells  seem  unrivalled,  more  par- 
ticularly as  in  first  cost  they  will  compare  favourably  with 
battery  signals,  and  the  maintenance  will  be  practically 
nothing ;  and  in  addition  the  speed  by  which  signals  can 
be  transmitted  seems  only  to  be  regulated  by  the  rate  at 
which  a  man  can  coimt,  the  writer  having  on  several 
occasions  obtained  at  least  five  blows  per  second. 

As  a  rider  to  this  paper,  the  writer  would  suggest  the 
advisability  of  combining  with  the  signal  apparatus  a 
system  of  telephonic  communication,  and  to  that  end  he 
shows  a  form  of  telephone  which  transmits  speech  clearly 
and  distinctly  up  to  distances  of  five  or  six  miles,  and  which 
can  be  attached  to  ordinary  shaft  signals,  using  the  existing 
wires  and  batteries ;  or  in  the  case  of  magneto  bells  a  small 
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battery  would  have  to  be  placed  on  the  surface,  while  the 
magneto  bells  would  be  used  to  call.     In  case  of  accidents, 
and  at  many  other  times,  it  would  be  a  great  convenience  to 
be  able  to  speak  from  the  top  to  the  bottom.     Also  on 
engine  planes,  much  time  would  be  saved  in  many  cases  if  a 
telephone  was  working  from  end  to  end  of  the  road,  or  the 
underlooker  could  carry  a  receiver  in  his  pocket,  and  from 
any  point  of  the  road  he  could  by  first  ringing  the  signal 
for  telephone,  and  then  hooking  his  receiver  to  the  wires, 
carry  on  a  conversation  with  either  end,  the  attendant  at 
the  end  having   previously   received  instructions  that   on 
receiving  a  certaia  signal  he  was  to  switch  the  telephone  on 
and  speak  at  once.     The  writer  shows  two  forms  of  these 
instruments  connected  together,  the  current  passing  through 
half  a  mile  of  wire. 


The  Chairman  :  I  may  say  we  have  heard  with  a  great 
deal  of  interest  the  paper  Mr.  Corlett  has  read  bearing  upon 
the  working  of  mines  and  increasing  the  means  of  communi- 
cation both  by  signalling  and  telephone.  There  are  several 
gentlemen  here  connected  with  mines  and  mining  eminently 
qualified  to  speak  upon  the  subject,  and  I  should  be  glad  if 
some  of  them  will  give  us  their  views  with  regard  to  the 
paper  they  have  heard. 

Mr.  J.  L.  Hedley  :  As  far  as  I  am  concerned,  Mr. 
Chairman,  I  am  afraid  I  cannot  say  verj'  much  upon  this 
subject,  for  I  must  confess  I  have  not  studied  the  question 
of  electricity,  and  I  am  not  in  a  position  to  compare 
the  relative  advantages  of  the  two  systems.  This  magneto 
is  an  entirely  new  thing  to  me.  I  have  not  seen  or  heard 
of  magnets  being  used  in  this  way,  and  therefore  as  to  its 
advantages  over  the  ordinary  system  or  otherwise  I  am 
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perfectly  incapable  of  judging.  It  seems  to  me  to  be  a 
simple  thing,  but  it  struck  me  when  Mr.  Gorlett  was 
making  the  experiments  in  the  first  instance  that  if  the 
signals  depended  on  the  amoimt  of  force  to  be  used  by  the 
operator  at  the  one  end,  it  might  be  liable  to  mistakes. 
Whether  that  is  simply  due  to  the  unfinished  state  of  the 
experiment,  or  whether  it  will  occur  in  actual  practice  I 
cannot  say,  but  it  strikes  me  if  it  were  to  occur  it  might 
lead  to  very  serious  trouble  on  certain  occasions.  Perhaps 
Mr.  Corlett  will  be  able  to  tell  us  whether  any  of  these 
magnetos  are  in  actual  use,  and  whether  that  difficulty  has 
arisen.  With  regard  to  the  telephone,  it  seems  to  me  that 
something  might  be  made  out  of  that.  It  appears  to  me  to 
be  a  very  good  idea.  It  very  often  happens  that  if  you  had 
a  system  of  telephonic  communication  from  point  to  point  it 
would  save  a  considerable  amount  of  time  and  trouble,  and 
if  it  could  be  adapted  to  the  practical  working  of  collieries  I 
have  no  doubt  it  might  have  a  future  before  it,  and  many 
colliery  managers  would  be  glad  to  make  the  experiment. 
I  do  not  think  they  are  backward  in  this  district  in  experi- 
menting with  anything  of  this  kind  if  there  is  any 
probability  of  its  succeeding. 

Mr.  Grundy  said  there  were  one  or  two  matters  on  which 
he  would  like  Mr.  Corlett's  opinion.  He  had  been  careful 
to  show  many  advantages,  but  he  had  perhaps  left  out  many 
of  the  disadvantages  of  the  apparatus.  From  what  he 
understood  of  the  apparatus  they  could  only  signal  from 
end  to  end,  and  at  those  parts  where  the  machine  was. 
They  could  not  signal  from  an  intermediate  place,  where 
there  was  no  machine.  That  was  not  so  efiective  as  where 
they  had  two  wires,  with  a  bell  at  each  end  of  the  plane, 
and  were  able  to  signal  from  any  part  of  the  plane.  How- 
ever long  it  was  they  could,  with  cells,  signal  at  any 
part,  and  they  had  only  to  bring  the  wires  together  to  signal 
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at  both  ends.  Mr.  Corlett  said  the  apparatus  would  wear  for 
years  without  any  attention ;  but  he  liked  to  take  such  re- 
marks with  a  grain  of  salt.  The  oxidising  action  would  take 
place  and  prevent  that  good  contact  that  was  necessary.  The 
dirt  getting  on  the  apparatus  would  also  prevent  good 
contact.  Then  as  to  speaking,  he  did  not  quite  see  that  the 
telephone  need  be  made  part  and  parcel  of  the  signalling 
apparatus.  It  would  be  quite  as  easy  to  attach  any  other 
telephone  to  any  other  system  of  electric  signalling.  It 
would  be  well  to  emphasise  Mr.  Hedley's  remarks  as  to  the 
value  of  being  able  to  communicate  in  words  with  those 
between  the  top  and  the  bottom  of  the  shaft,  and  that 
might  be  done  in  other  ways  than  by  electric  signalling. 
He  came  across  a  manager  who,  in  putting  pipes  down  the 
pit,  thought  he  would  convert  them  into  speaking  tubes. 
He  put  170  yards  of  piping  between  the  engine-house  and 
the  bottom  of  the  shaft,  and  he  could  converse  quite  easily. 
That  was  a  system  which  might  be  carried  out  more  than  it 
was,  and  it  would  be  less  liable  to  get  out  of  repair  than  a 
telephone,  although  a  telephone  would  be  useful  in  many 
cases.  He  did  not  quite  understand  whether  in  ringing 
from  one  end  they  could  ring  the  bells  at  both  ends,  so  that 
the  person  ringing  would  know  almost  exactly  what  signal 
he  was  giving  to  the  other  end,  and  whether  he  could  hear 
his  own  bell  ring  the  number  of  times.  Then  how  many 
wires  would  be  required  for  this  system,  and  how  many 
electro-magnetic  machines  ? 

Mr.  Corlett  :  In  reply  to  the  gentlemen  who  have  just 
spoken,  I  should  like  to  say  a  word  or  two.  It  is  quite  true 
as  Mr.  Hedley  has  pointed  out  that  the  force,  with  which 
the  generator  key  at  one  end  is  depressed,  will  regulate  the 
ringing  of  the  bell,  or  in  other  words  if  the  generator  is 
moved  slowly  the  bell  will  not  ring  at  all.  In  actual 
practice  however  I  think  this  would  not  be  found  either  a 
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difficulty  or  a  probable  cause  of  failure,  and  speaking  after  a 
very  extensive  experience  in  colliery  signalling  on  the 
battery  system  my  aim  has  been  to  make  the  apparatus  so 
strong  that  the  collier  could  not  break  it  by  pressing  with 
all  his  force  upon  it,  as  he  is  in  the  habit  of  doing.  Several 
of  these  magnet  bells  are  in  daily  operation  in  collieries  in 
Cumberland  and  Durham  and  have  given  every  satisfaction 
to  their  users.  If  Mr.  Grundy  will  read  through  my  paper 
he  will  find  that  no  where,  do  I  say  these  bells  are  suitable 
for  ordinary  engine  planes  where  it  is  essential  that  signals 
shall  be  transmitted  from  any  point  by  merely  pressing 
together  the  wires,  but  for  shaft  work  and  for  communicat- 
ing between  any  two  or  more  points  in  the  mine,  I  do  claim 
that  they  are  a  decided  advance  on  any  previous  method. 
I  would  also  remind  Mr.  Grundy  that  the  generator 
for  underground  work  would  be  made  quite  dust-proof, 
and  further  that  the  only  movable  contacts,  three 
in  number,  in  the  generator,  are  of  platinum,  a  metal 
which  does  not  readilv  oxidise.  I  think  he  will  see  that  the 
apparatus  is  not  very  liable  to  failure  on  account  of  corrosion 
to  the  contacts,  and  without  claiming  absolute  perfection 
for  the  apparatus,  I  am  confident  that  the  amount  of 
attention  it  will  require  will  be  so  small  as  practically  to  be 
negligible.  I  did  not  intend  to  say  that  a  telephone  is  a 
necessary  item  in  signalling  apparatus,  nor  that  this  form  is 
the  only  one  that  could  be  used,  but  I  think  it  a  very 
valuable  adjunct  to  such  a  system,  and  that  the  type  I  show 
here  both  in  efficiency  and  cost  is  eminently  suited  for  the 
work.  Speaking  tubes  can  be  used  of  course  to  transmit 
speech  up  to  distances  of  say  400  yards,  but  the  cost  of 
fixing  that  length  of  say  2in.  pipes  would,  I  think,  be 
considerably  greater  than  for  telephones.  For  longer 
distances  I  know  of  nothing  but  a  telephone  which  is  of 
practical  use.      In  reply  to  Mr.  Grundy's  last  query,  the 
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generators  can  be  arranged  to  ring  the  bells  at  both  ends 
simaltaneously,  and  to  accomplish  this  one  line  wire  would 
be  required. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Gorlett, 
which  was  duly  seconded  and  passed. 

The  meeting  then  terminated. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 


Pakt  XXL  Vol.  XIX.  Session  1889-90. 


The  Ordinary  and  Conxluding  Meeting  of  the  Session 
was  held  on  Tuesday,  the  10th  June,  1890,  at  the  Rooms  of 
the  Manchester  Literary  and  Philosophical  Society,  Georgfe 
Street. 

Mr.  Henry  Hall,  the  President, 

in  the  Ghair. 


ON  THE  ACTION  OF  CENTRIFUGAL  FORCE  WITH 

REGARD  TO  GEOLOGICAL  PHENOMENA. 

* 

By  Mr.  Thomas  Oldham. 


In  this  paper  as  in  a  previous  one  on  the  same  subject 
(See  Pari  VL,  Vol.  XX,  p,  128),  the  author  contended  that 
in  the  action  of  centrifugal  force  on  our  globe,  must  be  sought 
the  causes  of  some  of  the  greatest  phenomena  of  nature — as 
earthquakes,  dislocation  of  the  strata,  and  the  different 
climatic  changes  that  have  taken  place  through  all  geological 
time.  He  said  :  ''  The  cause  why  this  globe  has  an  elliptic 
form,  was  the  foundation  upon  which  all  his  theories  were 
based.  We  know  that  this  globe  rotates  upon  its  axis  at 
the  rate  of  about  26,000  miles  every  24  hours,  and  ratatioiL 
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gives  rise  to  centrifugal  force  which  acts  in  a  contrary 
direction  to  gravity,  although  it  does  not  prevent  gravity 
from  acting  also.  Centrifugal  force  always  acts  at  right 
angles  to  the  equator.  Rotation  causing  centrifugal  force 
was  the  reason  why  this  globe  is  elliptic,  and  rotation  gives 
rise  to  the  spiral  motion,  which  is  the  cause  of  the  overlapping 
of  the  strata,  as  it  acts  in  a  contrary  direction  to  rotation." 


Mr.  Dickinson  proposed  that  a  vote  of  thanks  be  given 
to  Mr.  Oldham  for  the  trouble  he  had  taken  in  bringing 
this  abstruse  subject  before  the  Society.  This  being  seconded 
and  passed. 

Professor  W.  Boyd  Dawkins  criticised  at  some  length 
the  statements  and  views  of  the  author,  and  said  that  he  did 
not  think  as  a  Geological  Society  we  had  received  any 
information  whatever  as  to  the  action  of  centrifugal  force 
with  regard  to  geological  phenomena. 

Mr.  Oldham,  in  reply  to  many  adverse  criticisms,  said  he 
should  be  glad  to  meet  and  discuss  the  subject  with  any 
gentleman  taking  an  interest  in  the  matters  referred  to. 


THERMOMETRICAL  OBSERVATIONS  OF  ATMOSPHERIC 
AIR  AND  WATER  AT  PIETHORN  AND  DENSHAW. 

By  Mr.  William  Watts,  F.G.S. 


The  temperature  observations  of  the  atmospheric  air 
and  water  taken  at  Piethorn  and  Denshaw  have  been  in 
accordance  with  the  instructions  of  the  British  Association 
Committee.  The  area  and  capacity  of  each  reservoir  remains 
imchanged,  and  the  readings  are  taken  daily  at  9  a.m.  A 
higher  temperature  both  of  atmospheric  air  and  water  is 
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still  maintained  at  Piethom  although  the  two  valleys  are 
near  together,  and  similar  in  their  geological  substrata,  and 
not  much  unlike  in  their  physical  conformation.  Trees  in 
both  valleys  are  scarce  and  grow  with  difficulty,  although 
in  former  times  they  appear  to  have  flourished  luxuriantly 
at  a  much  higher  elevation  than  we  find  them  existing 
to-day.  Excavating  recently  for  the  extension  of  our  works 
at  Castleshaw,  Saddleworth,  I  counted  34  tree  roots,  more  or 
less  decomposed,  in  an  area  of  1,200  yards.  Trunks  and 
rootlets,  in  an  incipient  state  of  decomposition,  are  fre- 
quently dug  up  where  ling  and  coarse  grass  only  seem  able 
to  survive  the  present  climatic  conditions. 

An  atmosphere  rendered  impure  by  imperfect  combustion 
of  coal  and  other  noxious  vapours  emitted  from  neighbouring 
manufactories  is  said  to  destroy  trees  and  flowering  plants 
on  the  Pennine  slopes,  but  in  my  opinion  the  strong  north- 
easterly winds,  which  prevail  for  weeks  together  with  great 
force,  year  after  year  in  early  spring,  are  more  destructive 
to  the  loftier  trees  than  furnace  gases  diffused  in  the  atmos- 
phere. I  am  not  speaking  of  tree  life  in  a  town  where 
artificial  precision  in  the  growth  of  trees  is  aimed  at,  and 
where  extensive  manufactories  are  established,  but  of  those 
on  the  Pennine  slopes.  I  have  many  times  seen  the  leaves 
and  buds  on  the  higher  trees  battered  off  the  top  branches, 
which  must  seriously  interfere  with  their  life. 

Besides  the  atmospheric  condition  here  alluded  to  the 
denudation  of  the  land  forming  the  hilly  slopes  of  our 
country  has  much  to  answer  for  even  during  the  life  of  a 
moderately  sized  tree.  The  upper  portion  of  the  root  of 
an  old  tree  in  sloping  ground  is  often  seen  bare  and 
when  its  subsoil  is  removed  its  growth  is  impaired,  and 
in  time  death  ensues.  The  rate  of  denudation  in  sloping 
groimd  is  more  rapid  than  we  imagine  and  the  rootlets  of 
trees  shew  it  by  the  removal  of  the  soily  covering  in  which 
they  were  firmly  rooted  when  saplings.     In  obedience  to 
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the  law  of  gravitation  soily  material  slowly  move» 
down  hill  and  never  up.  There  is  no  return  journey,  and 
when  assisted  by  atmospheric  agencies — molecular  expansion 
and  contraction  find  the  lines  of  least  resistance,  and  rain, 
and  excessive  moisture,  in  time  uncover  fixed  objects,  such 
as  rootlets  of  trees,  and  lay  them  bare.  An  examination  of 
the  tables  shows  that  the  water  is  warmer  in  winter  and 
cooler  in  simuner  than  the  surrounding  air  consequently  it 
must  not  be  objectionable  to  reside  on  the  margin  of  large 
reservoirs  except  an  increase  in  the  humidity  of  the  air  is  a 
drawback. 

In  addition  to  the  general  tables,  I  have  added  a  daily 
temperature  table  for  the  month. 

AVERAGE  DAILY  TEMPERATURE. 


1889. 

PlBTHORM. 

Dbnshaw. 

Month. 

Air. 

Water. 

Air. 

Water. 

June 

59-6 

58-1 

60-8 

58-7 

July 

57-8 

59-8 

57-5 

59-8 

August 

56-5 

58-2 

54-9 

57-6 

September.  . . . 

531 

55-9 

51-7 

65-4 

October      .... 

46-5 

48-4 

44-2 

47-6 

November .... 

43-3 

44-6 

41-2 

43-9 

December 

37-5 

39-3 

35-7 

380 

1890. 

January     .... 

39-2 

390 

37-9 

38-7 

February   .... 

351 

371 

34-4 

36-3 

March    

40-8 

38-6 

39-1 

880 

April 

44-1 

42-9 

41-9 

42-4 

May 

52-6 

49-8 

50-6 

49-9 
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In  order  to  make  my  observations  as  complete  and  inter- 
esting as  possible,  I  have  also  added  the  monthly  rainfall 
returns  for  each  district,  which  I  trust  may  be  acceptable  to 
the  Society. 


Raikfall  at 

PiKTUORN. 

Rainfall  at 

Denshaw. 

Gauge 

)  894  ft.  above  sea  level. 

Gauge 

1,012  ft.  above  sea  level. 

1889-90. 

Bain- 
fall. 

1 

Greatest  fall  in 
24  hours. 

yo.of 
(lavs  on 

which 
rain  fell. 

Rain- 
fall. 

Greatest 
24  hoi 

Date. 

fall  in 
irs. 

Inches. 

No.  of 
days  on 

which 
rainfeU. 

Inches. 

Date. 

Inches. 

Inches. 

June 

0-61 

2nd. 

0-26 

•• 

0 

0-70 

2nd. 

0-38 

5 

July    

3-92 

2 1  St. 

0-67 

17 

4-47 

2l8t. 

0-83 

16 

August  .... 

6-5o 

oth. 

0-82 

-   23 

7-73 

6th. 

1-18 

22 

September.. 

2-59 

26th. 

0-70 

12 

316 

26th. 

0-82 

13 

October .... 

6-69 

7th. 

0-92 

24 

5-88 

7th. 

0-98 

21 

November . . 

1-83 

24th. 

0-46 

15 

237 

24th. 

0-54 

15 

December  . . 

3-16 

2l8t. 

0-84 

18 

1 

2-66 

2l8t. 

0-65 

17 

January 

6-65 

26th. 

1-68 

27 

4-80 

2l8t. 

1-12 

27 

February  .. 

0-73 

15th. 

0-45 

9 

0-88 

15th. 

0-56 

7 

March    .... 

3-87 

23rd. 

0-46 

21 

3-72 

lOth. 

0-61 

21 

April 

1-35 

6th. 

0-31 

11 

1-58 

6th. 

0*39 

9 

May   

3-30 

nth. 

0-80 

13 

3-45 

nth. 

0-72 

13 
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1889. 

Hour. 

TuttBEirtruB. 

Hemarln  on  WeathBr,  £c. 

Date. 

Air. 

Water. 

June    1 

g  a.in.        55-4 

53-6 

HesyyEain  and  Hail  S.W. 

2 

57-2 

53-5 

„         „         „        S.E. 

3 

60-8 

56-2 

„       8.W. 

4 

60-0 

561 

Fine  and  Clear           S.W. 

5 

661 

57-9 

E. 

6 

621 

55-8 

E. 

7 

60-2 

58-2 

S.E. 

8 

80-2 

58-3 

E. 

9 

1     5S-6 

57-3 

SUght  Raitt                   E. 

10 

49-6 

56-3 

Slight  Rain  and  Dull  H.E. 

11 

50-7 

55-6 

Fine  and  DuU             >'.E. 

13 

aS'2 

67-6 

Fine  and  Clear              W. 

13 

61-5 

570 

s. 

14 

55-0 

580 

s. 

15 

61  0 

68'9 

Slight  Rnin                      S. 

16 

60-1 

58-3 

Fine  and  Clear           S.W. 

17 

6S-0 

58-9 

8. 

18 

678 

60-8 

S.E. 

.    19 

527 

680 

Fine  and  Dui!             N.E. 

,    20 

57-3 

584 

Fine  and  Clear            N.E. 

21 

34 -a 

580 

Fine-  and  DuU               N.E. 

,    22 

67-9 

59-9 

Fine  and  Clear          N.W. 

,    23 

54-5 

58-1 

Slight  Rain                 N.E. 

,    24 

56-6 

58-1 

Fine  and  Clear                E. 

.    25 

58-4 

58-6 

N.E. 

,    26 

67  0 

60-6 

S.W. 

27 

65  1 

60-9 

3.W. 

28 

66-9 

61-5 

w. 

29 

63'0 

61-5 

w. 

30 

60'5 

ere 

Fine  and  Dnl!            S.W. 

OLDHAM  COUPORATION  WATERWORKS. 
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1889. 

Tbupmutdrk. 

Remarkii  on  Weatho 



D>te. 

Air. 

Water. 

r,  *c. 

July     1 

9a.iii. 

60-9 

613 

Fine  and  Clear 

8.W. 

,>      2 

64-2 

63-2 

•  • 

E. 

>.      3 

659 

60-5 

K.E. 

.,      4 

60-5 

610 

Fine  ami  Dull 

N.E. 

,.      5 

600 

60'7 

Fine  and  Clear 

N.E. 

,.      6 

63-9 

61-1 

W. 

„      7 

560 
54-5 

61-4 
60-8 

Slight  Rain 
Fine  and  Clear 

W. 
W. 

»      9 

59-4 

60-5 

.. 

W. 

„    10 
.,    12 

65  0 
59-0 
61-3 

61-9 
60-9 
61-2 

Slight  Rain 
Heavy  Rain 
Fine  and  Clear 

E, 
S.W. 
N.E. 

.,    13 

56-2 
54-7 

600 
59-9 

Slight  Rain 

E. 
W. 

.,    16 

52-6 

59-5 

S.W. 

»    16 

52-8 

59-2 

.. 

S.W. 

,.    IV 

57-3 

60-0 

>. 

N.W. 

„    18 

51-2 

591 

■. 

S.W. 

,.    19 

51-6 

58-3 

Fine  and  Dull 

S.W. 

„    20 

57-6 

58-6 

Fine  and  Clear 

s. 

.,    21 

„    22 

o4-6 
54-3 

583 
580 

Heavy  Rain 

s. 
w. 

„    23 
..    24 
„    25 

55-9 
55-3 
51-6 

58-3 
58  0 
67-9 

Slight  Rain 
Heavy  Rain 

S.W. 

s. 

S.W. 

„    26 

54-1 

57-7 

8.W. 

.,    27 

590 

58-3 

11 

W. 

„    2S 

55-9 

58-7 

Fine  and  Cli^r 

S.W. 

„    29 

61-5 

59-6 

Slight  Rain 

S.W. 

..    30 

66-7 

60-0 

Fine  and  Clear 

S.W. 

,,    3] 

69-8 

61-1 

S.E. 

OLDHAM  CORPORATION   WATERWORKS. 
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889, 

TKHPBlUtrKR. 

^Amaf.VD  .in  TITAaf^Lfkr     Jtj- 

Data. 

Air. 

Water. 

lunnarsi  on  neaLnert  ffii^. 

Aug.    1 

9  a.m. 

63-5 

62-7 

Fine  and  Clear           S.W. 

2 

61-1 

63-0 

s.w. 

3 

60-11 

60-9 

Hea\7  Rain               S.W. 

4 

60' 1 

60-3 

S.W. 

5 

59' 8 

59-0 

Slight                         S.W. 

6 

7 

51-8 
56-5 

58-7 
59-2 

Hpavy  Rain                S.W. 

S.W. 

8 

58-9 

59-2 

S.W. 

S 

54-8 

589 

Slight                         S.W. 

10 

53-3 

58-5 

Heavy                         S.W. 

11 

52-8 

58-6 

Slight                       N.E. 

12 

53-8 

58-8 

N.W. 

13 

66-3 

58-7 

Fine  and  Clear           S.W. 

14 

63-1 

68-0 

Slight  Bnin                S.W. 

15 

57-6 

58-1 

Heavy  Rain                S.W. 

16 
17 

59-3 

57-4 

59-3 
5S-3 

Slight  Rainand  Dull  S.W. 
Hc-avy  Itain               S.W. 

18 

S7-8 

58-0 

Slight                  S.W. 

19 

61-n 

5H-2 

Fine  Lind  Clear                E. 

20 

S7-2 

58-0 

HouvyRainimdDallS.W 

21 

54-7 

57-3 

Henry  Rain                 S.W. 

,    22 

52-7 

573 

Hwivy  Rain  and  Dull  W. 

,    23 

53-0 

S6-9 

Slight  Rain                S.W. 

,    24 

54-0 

.56-8 

Heavy  Rain  and  Dull  S.W. 

26 

49-3 

560 

Hail  S.W. 

26 

51-4 

56-7 

Slight  Rain  and  DoU  H.  W. 

27 

55-0 

56  3 

S.W". 

28 

56-1 

56-0 

S.W. 

29 

68-4 

56-3 

Fine  ^nd  Clear           S.W. 

30 

59-9 

56-6 

S.W. 

31 

61-4 

56-9 

E. 
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OBSERVATIONS 

,  VIFjTHOR^. -Continued. 

1889. 

Hour. 

Tempkraturb. 

Remarks  on  Weather,  &c. 

Date. 

Air. 

Water. 

Sept.    1 

9  a.m. 

560 

570 

Fine  and  Clear               E. 

M        2 

581 

56-6 

>>              >»                  E. 

,.      3 

57-4 

570 

Slight  Rain  and  Dull     E. 

M        4 

57-4 

570 

Damp,  Misty                  E. 

n       5 

55-9 

57-0 

,,          ,,                 N.E. 

»,      6 

58-1 

57-2 

Fine  and  Clear           N.E. 

„      7 

560 

571 

,,               ,,              N.E. 

.,      8 

58-5 

57-5 

,,              ,,              N.E. 

„      9 

59-2 

57-9 

Dull           S.W. 

„    10 

62-2 

580 

,,              ,,             S.W. 

„    11 

61-2 

58-2 

,,              „             S.W. 

„    12 

60-9 

59  1 

Slight  Rainand  Misty  N.  W . 

„    13 

57-9 

59-5 

N.W. 

„    H 

520 

579 

Damp,  Misty                  E. 

„    15 

50-2 

57-6 

Slight  Rain                N.E. 

„    16 

540 

575 

Fine  and  Clear               S. 

n      17 

526 

571 

„              ,,              S.W. 

„    18 

53-7 

56-6 

•  f                   t9                 S.W. 

„    19 

500 

560 

Slight  Rain                S.W. 

M    20 

470 

554 

Stormy,  Raiu             S.W. 

M     21 

44-9 

54-8 

and  Kail  S.W. 

M    22 

» 

43-2 

54-2 

W. 

„    23 

45-4 

53-7 

Fine  and  Dull            S.W. 

„    24 

47-1 

52-9 

Stormy,  Rain             N.E. 

„    25 

42-6 

52-8 

Slight  Rain  and  Dull  N.  W . 

„    26 

470 

52-3 

Fine,  but  Dull           S.W. 

M    27 

56-9 

53- 1 

Heavy  Rain  and  Dull  S.  W . 

„    28 

50-4 

62-6 

W 

t*            >f              '^  • 

„    29 

46-3 

521 

Fine  and  Gloomy          W. 

„    30 

50-6 

52  0 

Stormy,  Rain       .      N.E. 

ddA 
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1889. 

Ho 

Temps  II ATU  IIS. 

Remai'ks  on  Weftlher,  Ac 

Date. 

Air. 

Wstar. 

Oct.     1 

9  a.m. 

47'8 

51-7 

Slight  lUiin                 N.E. 

p.      2 

500 

51-4 

Sh.iwery                      N.E. 

.,      3 

500 

51-2 

SlightRainBndDi.il     E. 

..       * 

48-7 

50-9 

Stormy,  Ruin,  &  Dull  N.E. 

.,      5 

48-0 

509 

Fine,  but  DoU                 S. 

-.      6 

47 '5 

50-8 

Slisht  Rain                      S. 

„      7 

47-2 

50-4 

Heavy  Rain  and  Dull  S.W. 

.,      8 

450 

49  6 

„      8.W. 

»      9 

441 

48  7 

Stormy,  Rain  &  Hail  S  W. 

»    10 

460 

48 

9 

Stormy  and  DuU        8.W. 

„  n 

51-9 

49 

1 

8.W. 

„    12 

45-8 

48 

8 

Slight  Rain  &  Foggy  8.W. 

,.    13 

46-9 

48 

9 

„      S.W. 

n     14 

43-1 

48 

8 

Fine,  but  FogKv        S.W. 

„    15 

498 

48 

6 

s. 

„    IG 

480 

48 

9 

SlifthtRainundDullX.W. 

..    17 

47-3 

48 

5 

Showpry  and  Fofrgy       W. 

„    IB 

50-4 

iH 

7 

Fine  and  Foggy              E. 

„    19 

47-9 

48 

3 

SliBht  Itain  and  Dull     E. 

„    20 

46-9 

47 

7 

Hi-avy  Rain                     E. 

..    21 

46-2 

47 

7 

Slight  Rain  antJ  Dull     E. 

„    22 

460 

47 

8 

Heavy  Rain                N.E. 

„    23 

45-8 

47 

4 

N.E. 

-.    24 

45-4 

47 

2 

Slight  Rain                 N.E. 

„    25 

420 

46 

2 

N.E. 

„    26 

399 

45 

8 

Slight  Rain  and  Dull  N.E. 

»    27 

4 IV  4 

45 

3 

Stormy,  Rain  &  Dull  N.E. 

„    28 

44-7 

45 

4 

Stormy  and  Rjim        N.E. 

.1    29 

46-5 

45 

7 

Wight  Rf.in&  Foggy  S.W. 

„    31) 

4'J-O 

45 

9 

Fine,  but  Dull                 8. 

„    31 

43-9 

45 

4 

Stormy,  Rain  iiiid  Dull   8. 
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OBSERVATIONS, 

PIETHORN.— Ca«<i»M#<f. 

1889. 

Hour. 

Tbmperaturb. 

Remarks  on  Weather,  &c. 

Date. 

Air. 

Water. 

Nov.    1 

9  a.m. 

44*7 

45-2 

Stormy,  Rain  and  Dull   S. 

,,      2 

>> 

420 

44-9 

„    HailS.W. 

„      3 

>» 

45-8 

450 

Heavy  Rain                     S. 

,.      4 

i> 

450 

45-2 

Heavy  Ruin  and  Dull    W. 

„      5 

»> 

40-2 

44-3 

Fine,  White  Frost     S.W. 

„      6 

>} 

45-4 

448 

Damp,  Foggy             S.W. 

„      7 

»> 

480 

450 

,,          „                 S.W. 

„      8 

>» 

48-4 

1 

45-5 

SUghtRain  and  Dull  S.W. 

,,      9 

>> 

48-6 

45-7 

,,            1,           ,,     b.W. 

„    10 

»f 

48-8 

45-8 

Fine,  but  Dull           S.  W. 

„    H 

>> 

47-8 

460 

Damp,  Foggy                W. 

»    12 

1) 

48-5 

460 

Fine,  but  Dull                8. 

„    13 

>i 

43-2 

44  9 

Fine  and  Frosty             E. 

„    14 

>» 

470 

451 

Fine,  but  DuU            S.E. 

„    15 

>» 

50  5 

45-7 

Slight  Rain  and  DuU     S. 

„    16 

>» 

49-8 

460 

,,                ,,      S.W, 

„    17 

it 

42-9 

45-2 

Fine,  but  Dull           S.W. 

„    18 

if 

48-4 

45-5 

Fine  and  Clear               E. 

„    19 

»i 

47-7 

45-4 

>»             »i                    E. 

„    20 

>» 

390 

45-2 

Fine,  but  Dull            S.E. 

„    21 

>> 

390 

44-5 

>»                 a                           O. 

„    22 

>i 

471 

44-7 

ft                  it                             O. 

„    23 

91 

44-8 

451 

SUghtRain  and  DuU  S.W. 

»    24 

a 

43-9 

44-9 

Fine,  but  DuU                8. 

„    25 

» 

40-2 

44-2 

Stormy,  Rain,  and  Hail  W. 

„    26 

>> 

33-8 

431 

Slight  Snow  &  Dull  S.  W . 

.,    27 

a 

27-9 

42-6 

Stormy  Snow  &  Hail  N.  W. 

„    28 

jy 

28-8 

41-7 

Fine,  Clear,  Frosty  N.W. 

„    29 

n 

361 

41-6 

Fine,  but  Foggy        8  W. 

„    30 

»» 

37-8 

41-7 

Slight  Rain  and  Foggy  E. 
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OLDHAM  CORPORATION  WATERWORKS. 


OBSERVATIONS 

»,  FlErnOKS.— Continued. 

1889. 

Hour. 

Tbmpbkatl'ue. 

Remarks  on  Weather,  &c. 

Date. 

Air. 

Water. 

Dec.     1 

9  a.m. 

370 

41-2 

Fine  and  Clear          S.W. 

V      2 

>> 

330 

40-8 

Fine,  Clear  and  Frosty  E. 

„      3 

»i 

32-8 

40-0 

t*           i»            >»       ■'-*• 

„      4 

f* 

330 

39-7 

„           „            „  N.E. 

„      5 

fi 

33-8 

39-7 

Slight  Snow  &  Dull  N.E. 

„      6 

ft 

37-0 

40-0 

Fine  and  Clear                S. 

„      7 

>> 

35-6 

38-6 

Heavy  Snow  &  Foggy    S. 

M       8 

>> 

35-5 

38*9 

Fine,  but  Dull                E. 

„      9 

tt 

45  5 

40-1 

Heavy  Rain  k  Dull  S.W. 

,,    10 

91 

40-9 

39-9 

Hail  S.W. 

„    H 

ft 

32-4 

38-9 

Stormy,  Rain  and  Hail  N. 

„    12 

ft 

321 

38-4 

Slight  Snow  and  Dull    S. 

„    13 

If 

391 

38-6 

Slight  Rain  and  DuU     S. 

„    14 

ft 

30-9 

38-6 

Fine  White  Frost           E. 

„    15 

it 

400 

38-2 

Fine,  but  Foggy             E. 

„    16 

tt 

44-0 

391 

Damp  Mist                 S.W. 

n     17 

tt 

49-9 

40-3 

Slight  Rain  &  Foggy  S.  W. 

„    18 

ti 

47-8 

40-8 

vSlight  Rain  and  Dull  S.W. 

„    19 

It 

38-5 

39-4 

Heavv  Rain  and  Dull  S.W. 

„    20 

tt 

36-4 

396 

Sleet  and  Rain           S.W. 

„    21 

tt 

35-6 

38-8 

,,            ,,              S.W. 

„    22 

tf 

45-6 

39-8 

Heavy  Rain  &  Misty  S.W. 

„    23 

tt 

430 

39-9 

V3    W 

M                  tf                     tt              O.   TT  . 

„    24 

tt 

43-9 

40-8 

N    W 

„    25 

ft 

383 

1 

39-7 

Slight  Rain                 S.W. 

„    26 

tt 

'     42-3 

39-8 

Fine,  but  Dull           S.W. 

„    27 

ft 

37-7 

39-7 

Fine  and  Clear             S.E. 

„    28 

It 

290 

38-3 

Fine,  and  Clear  Frosty  E. 

„    29 

tt 

300 

37-9 

tt           tt           ft        ■'^• 

„    30 

tt 

28-3 

37-7 

tt           It           ft        ^* 

„    31 

ft 

33-6 

36-8 

Fine  White  Frost      S.W. 

OLDHAU  CORPORATION  WATERWORKS. 
OBSERVATIONS,  VlBVaOKS. -Canting. 


.9.. 

Honr. 

L'lMPSKATL'Hll. 

lUmuka  on  Weslfaer,  tc. 

Dmh 

Air. 

Water. 

Ji] 

1.             1 

2 

9a 

m. 

362 
31-4 

37-3 
36-8 

Damp.  Mist                8.W. 
Fine  White  Proat          E. 

3 

200 

364 

„     and  Clear            N.E. 

4 

400 

36-9 

SIcet,  Rain                8.W. 

6 
6 

46-3 
430 

380 
38-0 

Sliowery,  Dull            S.W. 
S.W. 

7 

50-8 

401 

8. 

8 

461 

401 

8- 

3 

38-1 

390 

8.W. 

10 
11 
12 

41-9 

■ll'O 
41-5 

398 
399 
39  9 

Heavy  Rain                 S.W. 
Slieht    „  and  Misty  S.W. 
Heavy     „          „         S.W. 

13 

4'i8 

403 

Slight     „         .,        8.W. 

14 

38-8 

39-6 

I'ine  and  Clear                 8. 

15 
16 
17 

37-8 
4K'2 

46-2 

401 
41-0 
41-4 

Slight  Kain  and  Dull      S. 

Miaty     8. 

Fine  but  Dull                  8. 

18 
19 

393 

41-B 

40  9 
40-4 

Slight  Rain  and  Dull  S.W, 
S.W. 

20 
21 
22 
23 

SIS 
336 
33-5 
32-5 

39-4 
388 
38-9 
37-9 

Hail  and  Stormy        8.W. 
Slight  Snow                8.W. 
Heavy  Snow  and  Rain  S.W. 

N.E. 

24 

35-8 

380 

Slight     „                 S.W. 

2S 

47-6 

39  9 

Heavy  Rain                  8-W. 

26 

3B-9 

38-8 

Stormy,  „  and  Hail  S.W. 

27 

37-1 

38-7 

Heavy     „         „        S.W. 

26 
29 

334 
27-3 

377 
37-9 

Slight  Snow               N.E. 
Slyet  and  Snow            8.E. 

30 
31 

41-4 

44-9 

386 
39-3 

Slight  Rain                 S.W. 
Rain  and  Misty          S.W. 
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OLDHAM  CORPORATION   WATERWORKS. 


OBSERVATIONS 

,  FIETHOKS.— Continued, 

1889. 

Hour. 

Tbmpbkatuue. 

Remarks  on  Weather,  &c. 

Date. 

Air. 

Water. 

Deo.     1 

9  a.m. 

370 

41-2 

Fine  and  Clear          8.W. 

,.      2 

ff 

330 

40-8 

Fine,  Clear  and  Frosty  E. 

„      3 

ft 

32-8 

40-0 

>»           ti            ft       ^« 

M       4 

>> 

330 

39-7 

if                tt                  it   -W.l!i. 

„      5 

>f 

33-8 

39-7 

Slight  Snow  &  Dull  N.E. 

„      6 

it 

37-0 

40-0 

Fine  and  Clear                S. 

M       7 

ti 

35-6 

38-6 

Heavy  Snow  &  Foggy    S. 

„      8 

tt 

35-5 

38-9 

Fine,  but  Dull                E. 

„      9 

tt 

45  5 

401 

Heavy  Rain  4;  Dull  S.W. 

„    10 

tt 

40-9 

39-9 

Hail  S.W. 

»  n 

It 

32-4 

38-9 

Stormy,  Rain  and  Hail  N. 

„    12 

ft 

321 

38-4 

Slight  Snow  and  Dull    S. 

„    13 

ti 

391 

38-6 

Slight  Rain  and  Dull      S. 

„    14 

It 

30-9 

38-6 

Fine  White  Frost           E. 

„    15 

ft 

400 

38-2 

Fine,  but  Foggy             E. 

„    16 

ft 

440 

391 

Damp  Mist                 S.W. 

„    17 

tt 

49-9 

40-3 

Slight  Rain  &  Foggy  S.  W. 

„    18 

tt 

47-8 

40-8 

Slight  Rain  and  Dull  S.W. 

„    19 

tt 

38-5 

39-4 

Heavy  Rnin  and  Dull  S.W. 

„    20 

tt 

36-4 

396 

Sleet  and  Ram           S.W. 

„    21 

tt 

35-6 

38-8 

tt            ti               S.W. 

„    22 

ti 

45-6 

39-8 

Heavy  Rain  &  Misty  S.W. 

„    23 

tt 

430 

39-9 

tt               ti                  ty            O.  VT  . 

„    24 

tt 

43-9 

40-8 

N  W 

ft                     »»                         »»               X^  .    »T    . 

„    25 

tt 

i     383 

1 

39-7 

Slight  Rain                S.W. 

„    26 

tt 

42-3 

39-8 

Fine,  but  Dull           S.W. 

„    27 

It 

1     37-7 

39-7 

Fine  and  Clear             S.E. 

„    28 

tt 

29-0 

38-3 

Fine,  and  Clear  Frosty  E. 

„    29 

ft 

30-0 

37-9 

ft           it           It        ^» 

„    30 

tt 

28-3 

37-7 

tt           ft           it        ^» 

n    31 

it 

33-6 

36-8 

Fine  White  Frost      S.W. 

OLDHAM  CORPORATION  WATERWORKS. 

OBSERVATIONS,  I'  ETHORN.-C««(miMi 


890. 

iBIlPBIIATUblE. 

Renutrka  on  Weathsr,  tc. 

Dnte. 

Air. 

Water, 

Jal 

3.         1 

2 

9  a 

°- 

3G-2 
31-4 

37-3 
36-8 

Damp.  Mist              8.W. 
Fine  White  Frost          E. 

3 

200 

364 

„     and  Clear            K.E. 

4 

400 

36-9 

Sleet,  Rain                 8.W. 

5 
6 

46-3 
43-0 

38-0 
38-0 

Blowery,  Dull           8.W. 
8.W. 

7 

50-8 

401 

8. 

B 

46-1 

401 

8. 

a 

38-1 

39-0 

8.W. 

10 

41-9 

39-8 

Heavy  Rain                 8.W. 

11 

12 

41  0 
41-5 

39-9 
39-9 

Slight    „  BEdMifltyS.W. 
Heavy     „          „         8.W. 

13 
14 

4B-8 
38-8 

40-3 
39-6 

Slight     „        „        B.W. 
Fine  and  Clear                 S. 

15 
16 
17 

18 
19 

37-8 
4S-2 
46-2 
393 
41-6 

40-1 
410 
41  4 
40  9 
40-4 

SUght  Rain  and  Dull     H. 

Misty     8. 

Fine  but  Bull                  8. 

Slight  Rain  and  Dull  S.W. 

8.W. 

30 
21 
22 

3^5 
336 
33-5 

39-4 
38-8 
38-9 

Hoil  and  Stormy        8.W, 
Slight  Snow                8  W. 
Heavy  Snowand  Rain  S.W. 

23 

82-5 

37-9 

N.E. 

24 

35-8 

38-0 

Slight     „                 S.W. 

25 
26 

27 
28 

47-6 
38-9 
37-1 
33-4 

38-8 
38-7 
877 

Heavy  Rain                S.W. 
Stormy,  „  and  Hail  S.W. 
H^avy     „         „        8.W. 
Slight  Snow                N.E. 

29 

27-3 

37-9 

Sket  and  Snow            8.E. 

30 
31 

41  4 

44-9 

38-6 
39-3 

Slight  Rain               S.W. 
Rain  and  Misty          S.W. 
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OLDHAM  CORPORATION  WATERWORKS. 


OBSERVATIONS,  FIETHOR^iJ.- Continued. 

1890. 

Hoar. 

Tbmpbratvre. 

Remarks  on  Weather,  &c. 

Uate. 

Air. 

Water. 

Feb.     1 

9  a.m. 

450 

39-9 

Damp.  Misty             8.W. 

,,     2 

ff 

37-9 

39-2 

Fine  and  Clear              W. 

,,     3 

»» 

390 

39-3 

Fine  and  Dull            S.W. 

»     4 

n 

390 

392 

„     but  Dull            S.W. 

„      5 

it 

383 

39  1 

»j           )»                   jN.E. 

„     6 

>> 

29-9 

38-9 

Fine  and  Clear               N. 

,,      7 

ft 

36-8 

38-7 

Slight  Rain                N.E. 

„      8 

t» 

300 

378 

Fine  and  Clear           N.E. 

,.      9 

tt 

34-9 

37-9 

Slight  Snow               N.E. 

„    10 

ti 

32-7 

37-5 

it             ft                              jN.E. 

.,    11 

tt 

299 

371 

Fine,  but  Misty         N.E. 

,.    12 

If 

30-9 

368 

Fine  and  Clear               E. 

„    13 

tt 

30-2 

361 

»»             It                    ■"• 

.,    14 

It 

31-2 

35-9 

Slight  Snow                   R 

„    15 

n 

35-5 

36-4 

Sleet  and  Rain                E. 

„    16 

It 

351 

360 

Heavy  Snow  and  Dull   S. 

„    17 

tt 

370 

:36-3 

Fine,  but  Dull                E. 

„    18 

tt 

35-9 

36-4 

Damp,  Mist                N.E. 

„    19 

^» 

34-6 

36-3 

Fine,  but  Dull           N.E. 

„    20 

\ 
tt 

32-2 

360     , 

Slight  Snow  and  Dull    E. 

n    21 

1 
It 

37-2 

360 

It                   It              ^- 

,.    22 

"         ! 

36-8 

35-9     1 

White  Frost  &  Foggy    E. 

„    23 

tt 

31-6 

357 

tt         tt             it          ■'-'• 

,,    24 

ff 

41-3 

36-2     . 

Slight  Rain  and  Dull  N.E. 

„    25 

»' 

37-2 

36  1 

1 

Slight  Rain                N.E. 

„    26 

39-6 

36-6 

Fine  and  Clear            N.E. 

,.    27 

1 
tt 

330 

362 

1 

Showery,  Rain               N. 

„    28 

tt 

30-5 

35  0 

Fine  and  Clear  Frost  N.W. 

OLDHAM  CORPORATION  WATERWORKS. 
OBSEBVATIOSS,  FIETHORN.-CoiiliHiMf. 


1890. 

Hoar. 

TiKPIKATDBt. 

RumnplrB  nn  Wj^rKflr     Af 

Date. 

Air. 

WaWr. 

numariEij  ui^  lYenuiur,  oti^. 

Uv.    1 

9B.in. 

34-8 

35  6 

Sliglit  Snow  and  DuU  W. 

2 

289 

35-2 

Slight  Snow                N.E. 

3 

250 

34-8 

^■ 

4 

280 

34-6 

Fme  and  Frosty              S. 

5 

36'1 

33-6 

Sleet,  Rain  and  Dull    W. 

6 

42- 1 

36-3 

Slight  Rain  and  Dull  8.W. 

7 

43-7 

36-7 

„     3.W. 

8 

39-5 

36-6 

8- 

.      9 

310 

3$ '6 

Storray.  Hail  &  Snow  W. 

,    10 

46-2 

37-0 

He,ivv  R»in  &  Misty  8.W. 

.    11 

46-8 

38-2 

Heavy  Rain  &  DuU  8.W. 

,    12 

47-9 

39-1 

Fine,  but  Dull           S.W. 

,    13 

43-5 

38-8 

s.w. 

14 

41-2 

3!10 

BUsM  Rain  and  Dull      8. 

,    15 

44-2 

393 

s. 

,    16 

62U 

40-7 

Fine  and  Clear            S.E. 

.    17 

362 

n9-2 

Sleet  and  Rain           S.W. 

.    18 

41-3 

39-5 

Sturmy,  Rain  and  Hail  E. 

,    19 

38-2 

39-6 

Fine,  but  Dull            5.E. 

.    20 

35-6 

89-2 

Sleet  aud  Rak          N.W. 

,    21 

38-4 

39-5 

Sleet.  Rain  and  DuU  S.W. 

.    22 

40-7 

39-6 

Slight  Rain  &  Foggy   W. 

,    23 

434 

40-2 

Slight  Rain                      8. 

,    24 

41-6 

40-0 

Heavy  Rain                     E. 

.    25 

43-4 

40-0 

Showery  and  Dull      S.W. 

,    26 

45-e 

40-4 

S.W. 

,    27 

491 

41-2 

Henvy  Roio  &  DuU  S.W. 

,    28 

505 

42-2 

Slight  Rain  and  DuU      8. 

29 

43-8 

42-2 

Fine,  but  DuU            S.W. 

,    30 

43-4 

41-8 

S.W. 

,    31 

439 

421 

Fine  and  Clear           N.E. 

OLSHAU  C0RP0E.VT10N  WATERWOKKS. 


OBSERTATIOKS,  PIETHORK.— CtnfMwrf. 


1880. 

How. 

Tehpe 

XT.H.. 

lUmarks  oa  Wwlher.  Aic 

Dale. 

Air. 

WaUir. 

April    1 

9  a.m. 

42-2 

42  1 

Fine,  White  Frost       S.E. 

..      2 

4.V9 

420 

E. 

..      3 

*!■* 

42-2 

S.E. 

„      ■« 

■13-3 

42-2 

E. 

>.      5 

47-3 

43-0 

S- 

..      6 

43-4 

42-9 

Slight  K4iin  and  DuUS.W. 

..      7 

435 

430 

Heavy       „        Hail  S.W. 

■■      8 

42-2 

430 

Stormy      „                    ^\'. 

.<      9 

41'7 

430 

Huil  Storms                     N. 

„    10 

396 

42-9 

aUght  Sno^f                    If. 

..    11 

3B-9 

430 

„     White  Fnjst    S. 

,,    12 

390 

43-0 

Stormy.  SItct,  and  Rain  8. 

„    13 

371 

42-7 

SUpht  Snow  and  Frost  E: 

,.    H 

41'3 

42-2 

Fine,  White  Frost          E. 

„    15 

41-3 

424 

Slight  S<dn                 N.B. 

„    16 

43-6 

42-3 

„    and  Dull  N.E. 

„    17 

42-2 

42-3 

Dump,  Mist                     E. 

„    18 

30  6 

42-0 

E, 

„    19 

43-3 

42-4 

E. 

„    20 

60-fi 

42' 1 

Finp.  but  Dull                 8. 

„    21 

48-8 

427 

8. 

„    22 

48-8 

43-0 

Showery,    „                  S.W. 

„    -lit 

45-2 

43-0 

„    Rain  and  Hail  S.W. 

,,  -a 

43  9 

43-3 

.,     and  Dull          S.W. 

„    25 

45-3 

4:)G 

,,     Whitp  Frost  S.W. 

„    26 

45'S 

44  9 

Sleet  and  Rain            N.E. 

M    27 

44-9 

437 

Show.Ty  and  Dull         W. 

„    2H 

41-2 

43'9 

Misty        E. 

„    29 

47'S 

445 

Fine  and  Clear                E. 

„    3(1 

56-5 

45-1 

S.E. 

OLDHAM  <;ORFORATION  WATERWORKS. 

OBSERVaTIoXS,  I'JETlIURN^-CoiiiiBiarf. 


1890. 

T.UrEBATl-«I. 

EemHTki  on  Weather,  Ac. 

Dmle. 

Air. 

Water. 

May     1 

9a 

m. 

48-6 
55-2 

44-7 
466 

Fine,  but  Miaty 
Pine  and  Clear 

N.E. 
8. 

54-9 
565 

46-2 
46-3 

8tormy,8howery.DuU  8.E. 
Fine,  Clear                      E. 

48-4 
53-8 
550 

47-0 
48-2 
482 

Damp,  Miet 

Showery  iind  Dull 

N.E. 

N.E. 

E. 

»      8 

492 

480 

Finp.  but  Dull 

E. 

»      9 
„    10 

47-8 
505 

481 
48-6 

Stormy  and  Dull 

E. 
8.E. 

,,    11 

48-4 

48-2 

N.E. 

»    12 

53-2 

49'3 

Heavy  Rain 

R.W. 

„    13 

492 
48-6 

49-3 
49-5 

Showery  and  Dull 
Fine,  but  DaU 

E. 
8.W. 

„    15 
„    16 

46-8 
48-4 

48-8 
49-0 

Showery  and  Dull 

8.W. 
8. 

„    17 
»    18 
»    19 

51-6 
54-4 
570 

49-6 
49-8 
50-4 

Heavy  Raia 
Showery  and  Dull 
Fine  and  Clear 

S.W. 
E. 
E. 

„    20 
»    21 

56-8 
555 

50-6 
60-7 

Showery  and  Dall 
Fine  and  Clear 

E. 
S.W. 

..    22 

60-0 

fil-9 

Fine,  but  DuU 

S.W. 

„    23 

60-6 

51-5 

Fine  and  Clear 

E. 

„    24 

61-4 

61-7 

E. 

.,    25 

60-5 

530 

E. 

>,    26 

49-1 

52-7 

N.E. 

..    27 

481 

52-3 

E. 

„    28 

53-0 

530 

Fine,  but  Dull 

S.W. 

..    29 

61-6 

53-6 

Pine  and  Clear 

W. 

..    30 

50-9 

531 

HenTy  Rain 

W. 

„    31 

47-3 

.53-9 

Fine  and  Clear 

K.W. 

OLDHAV  COHPORATIOS  WATERWORKS. 
OBSEETATIOSS,  KEXSHAW— 


1«S. 

._ 

BoMrb  <m  WmUut,  Ac- 

Air- 

W»taf. 

63-0 

Ang.    1 

9  m.m.        64-7 

Dull  and  Showery 

S.W. 

..      2 

60-0 

62-2 

Thunder  Showers 

w. 

»      3 

,       '■     580 

60-8 

Dull  and  Showery 

ff. 

..      * 

'     59-0 

60-4 

w. 

..      5 

57-5 

601 

Thunder  Showers 

s. 

„      6 

500 

590 

S.W. 

.,      7 

530 

58-U 

Dnll  and  Showery 

w. 

»      8 

550 

58-3 

w. 

,.      9 

530 

58-3 

S- 

„    10 

52-4 

579 

Thnnder  Showers 

S.W. 

..    11 

52-3 

58  0 

E 

T.    12 

53-7 

57-9 

Doll  and  Fine 

H.E. 

..    13 

54  2 

67-3 

K. 

„    14 

55-0 

571 

Dull  and  Showery 

8. 

„  15 : 

:    57-0 

570 

W. 

..    16  i 

56  3 

570 

W. 

..     17  I 

5f,-4 

570 

Dull  and  Wonn 

W, 

.,  18  i 

58-3 

570 

.. 

W. 

„    19  ■ 

57-8 

570 

Dull  and  Showt-ry 

E. 

„    20 

56-9 

571 

Stormy,  Wind,  Show-e 

rsS.W 

,.    21 

:     55-2 

565 

Thunder  Showers 

S. 

,-    22 

51-f 

563 

Dull  and  Showery 

w. 

,.    23 

50-2 

56-0 

Cold  Wind  &  Showery  W. 

.,    24  i 

49-0 

55-8 

Thunder  Showera 

w. 

,.    25  j 

48-6 

550 

Dull  and  Showery 

w. 

,.     26    : 

50-0 

55-6 

„     Fine 

N,W. 

.,    27 

53  6 

55  5 

Dull  and  Showery 

W. 

„    28 

ol-O 

55-3 

„     Fine 

W. 

.-    29 

55-2 

55-5 

Fine  and  Warm 

W. 

„    80 

61-0 

56-8 

W. 

»    31 

560 

56-6 

E. 

OLDHAM  CORPOEATION  WATERWORKS. 
OBSERVATIONS,  DBNSHAW.— ContinuMt. 


1889. 

Honr. 

T»MPBH*TCll». 

Remarks  od  Weathei 

,&C. 

DaUi. 

Air. 

Water. 

July    1 

9  a.m. 

66-5 

61-5 

Fine  and  Warm 

N.E. 

,.      2 

„ 

62-8 

63-1 

Very  Hot 

E. 

..       3 

„ 

64-3 

61-7 

.1      i> 

E. 

..      4 

590 

61-0 

DuU  and  Fine 

E. 

>.       5 

„ 

57-8 

60-7 

Fine  and  Warm 

E. 

..       6 

67-6 

61-5 

S.W. 

..      7 

58-2 

61-9 

Dull  and  Eiun 

W. 

..      8 

„ 

62-0 

61-9 

Fine 

W. 

..      9 

,, 

58-8 

610 

„          Rain 

E. 

>.    10 

63-6 

61-1 

Storay 

S.W. 

„  n 

56-2 

60-9 

Fine 

w. 

„    12 

„ 

590 

61-2 

„          Stormy 

E. 

„    13 

„ 

55-0 

60-7 

E. 

..  1-1 

„ 

54-2 

60-0 

II               „ 

S.W. 

„    15 

„ 

53-4 

600 

„                „ 

W. 

„    16 

50-0 

69-8 

Thimderstorms 

W. 

..    17 

„ 

58-1 

69-7 

Dull  and  Stormy 

S.W, 

„    18 

■  ■ 

53-5 

69-2 

Cold  Wind     W. 

„    19 

51-3 

68-2 

W. 

>.    30 

„ 

55-6 

58-2 

Stormy 

8. 

;    21 

56-4 

S8-1 

Thnnderatornis 

8.W. 

..    22 

„ 

54-6 

57-8 

W. 

„    23 

„ 

53-8 

67-6 

„ 

S.W. 

„    24 

„ 

52-7 

67-4 

Dull  and  Stormy 

S.W. 

„    26 

„ 

4B0 

67- 1 

„               ,, 

W- 

„    26 

„ 

541 

57-0 

H                            ■> 

N. 

„    27 

^_ 

53-8 

57-0 

Fine  and  Warm 

N. 

„    28 

„ 

56-7 

57-6 

DuU  and  Stormy 

W. 

„    29 

„ 

61-6 

58-8 

Fine  and  Warm 

w. 

..    30 

66-2 

60-9 

S.W. 

..    31 

•• 

67-3 

620 

S.W. 

OLDHAM  CORPORATIOIf   WATEBW0EK8. 
OB8EHVATIOS8,  DENSHA"W.-C«ir*Mi«rf. 


ise». 

Hour. 

TlMPiaiTUBB. 

Rnnarki  on  WmUwi 

,te. 

D»t«. 

Air. 

Water. 

Oat.     1 

9  a.m. 

456 

50-7 

Cold  and  Stormy 

N. 

..      2 

48-3 

50-5 

„      „    Fine 

N.E. 

»      3 

45-8 

50-3 

Frosty  and  Stormy 

8. 

.1      4 

46-5 

50-1 

„        „     Fine 

E. 

..      * 

440 

49-8 

Dnil  and  Stormy 

S.E. 

..      8 

46-0 

50-0 

„      „     Cold 

8.W. 

»      7 

46-6 

49-9 

Rough  and  Stormy 

S.W. 

..      8 

41-4 

49-1 

Cold  and  Stormy 

S. 

..      9 

40  6 

4B-5 

Cold,  but  Fine 

w. 

„    10 

41-1 

48-2 

w. 

..    11 

45-9 

48-2 

Frosty,  but  Fine 

w. 

..    13 

440 

48  0 

Misty  and  Stormy 

S.E. 

„    13 

48-1 

480 

Fine 

W. 

..  n 

41-9 

47-9 

n                     11 

W. 

.,    15 

430 

47-6 

Frosty,  bnt  Rain 

V. 

„    16 

48-2 

47-6 

Cold 

N.W. 

..    17 

44-5 

47-7 

Dull,  bat  Fine 

N.W. 

„    IB 

46-7 

47-6 

„              ,, 

S.E. 

„    19 

4  6 '3 

47-5 

Cold  and  Stonoy 

E. 

..    20 

45-8 

47-3 

E. 

„    21 

450 

47-1 

Misty  and  Stormy 

E. 

,>    22 

45-a 

47-0 

Cold 

E. 

„    23 

45-0 

470 

E. 

-.    24 

430 

46-5 

N.E. 

„    25 

40-5 

46-9 

.. 

N.E. 

„    26 

39-6 

45-1 

N.E. 

»    27 

400 

45  0 

>>                 1. 

N.E. 

„    2B 

48-2 

44-6 

>-                 11 

N.E. 

„    29 

45-6 

44-6 

Misty,  bnt  Fine 

S.W- 

„    30 

463 

44-7 

Dull  and  Stormy 

s. 

„    31 

41-2 

44-6 

Cold          „ 

w. 

599 


OLDHAM  CORPORATION   WATERWORKS. 


OBSERVATIONS 

,  VBNf^H AW. —Continued, 

1889. 

Hour. 

Tempekaturb. 

Remarks  on  Weather, 

&c. 

Date. 

Air. 

Water. 

Sept.    I 

9  a.m. 

1 
550 

570 

Close  and  Fine 

E. 

n      2 

11 

54-5 

56-7 

Dull  and  Cold 

E. 

n      3 
„      4 

11 

11 

562     ; 
55-4 

56-4 
56-4 

Misty  and  Stormy 
Dull,  but  Fine 

E. 
E. 

„      5 

11 

541 

56-4 

Fine  and  Warm 

E. 

„       6 
„      8 

11 
11 
It 

560 
54-3 
561 

57-0 
56-8 
570 

11              11 
11               11 
11              11 

E. 
E. 
E. 

„      9 

5» 

57-3 

56-9 

Close  and  Fine 

8.W. 

„    10 

11 

586 

57-3 

11              11 

8. 

n      11 

11 

60-4 

57-8 

Close  and  Dull 

8. 

,,    12 

11 

59-8 

58  0 

Misty  and  Fine 

W. 

„    13 
„    14 

11 

11 

570 
51-6 

58-1 
57-5 

11              11 
Dull  and  Fine 

W. 
E. 

„    15 
„    16 

11 
11 

50i 
56-5 

571 
570 

11              11 
Fine  and  Warm 

E. 
S.E. 

„    17 
n    18 
„    19 
„    20 

11 
11 
91 

11 

54-3 
51-6 
488 
45-3 

56-9 
56-5 
55-7 
550 

99                             91 

Frosty  and  Fine 
Cold  and  Stormy 

11               11 

8. 

8. 

8.W. 

W. 

„    21 
„    22 

11 
11 

410 
45-9 

541 
540 

Frosty  and  Stormy 
Fine  and  Cold 

W. 
W. 

V    23 

11 

420 

53-5 

Frosty  and  Cold 

S.E. 

„    24 
„    25 
„    26 

11 
11 

11 

45-6 
41-2 
44-6 

52-9 
52-9 
51-7 

Misty        ,, 
Frosty       „ 
,,       and  Rain 

N.E. 
W. 
W. 

,,    27 

„    28 

11 
11 

55-5 
48-8 

51-5 
51-8 

Dull  and  Stormy 
Cold 

w. 
w. 

„    29 

t* 

46-8 

51-3 

11             11 

N. 

„    30 

11 

47-6 

51-0 

11             If 

N. 

OLDHAM  CORPORATIUS  "VTATElfWORKS. 
OBSERVATIONS.  J)EIlJlSHA"W.— CmidMMrf. 


18S9. 

Hour. 

TBHFMLATlltE. 

Hemuks  on  WeaLhor,  &e. 

Date. 

Air. 

Water. 

Dec.      1 

9a.iii. 

34-4 

40-4 

Keen  Fwst                 S.W 

30-5 

400 

S.W. 

31-2 

39-4 

E. 

31  0 

38-6 

E. 

32-2 

38-4 

E. 

32-9 

380 

N.E. 

33-3 

37-7 

Keen  Froet  and  Snow     S. 

32-0 

37-6 

Dull      S- 

4S-0 

37-0 

Thick  Fog  and  Rab  S.W. 

381 

37-3 

Dull  and  Stormy           W. 

29-4 

371 

Frorty           „             N.E. 

30-3 

36-5 

Snow                S. 

37-0 

37-0 

DuU  and  Fine                  S. 

28-6 

3G-2 

Kci^n  FroHt                     W. 

37-5 

30-7 

Thick  Fog  and  Rain  S.W. 

420 

87-6 

S.W. 

476 

38-0 

S.W. 

,.     18 

45-0 

38'8 

Dull  and  Stoi-my             W, 

„     19 

362 

39-0 

Fru6ty          „                     W. 

„    20 

36-8 

390 

Snow            „                 S.W. 

,.    21 

aS'O 

38-5 

S.W. 

„    22  1 

449 

38-4 

Misty  and  Stormy         W. 

.,    23  ■ 

43-0 

38'6 

w. 

,.    24 

46-8 

39-0 

Rough  and  Stormy    S.W. 

,.    25 

38-2 

39-0 

Thick  Fog  and  Fine      W. 

„    26 

40-3 

39-0 

DuU  and  Fine             S.W. 

..    27 

36'7 

38-8 

E. 

„    28 

29-0 

38-0 

Keen  Frost                      E. 

„    29 

30-4 

37' 1 

„       ,.                           E. 

„    30 

22-2 

364 

.,       „                         E. 

„    31 

31-4 

352 

„     „                   s. 

OLDHAM  CORFOILlTIOlf  WATERWORKB. 

OBSERYATIONS,  "DESZTiAW.— Continued, 


1800. 

Hour. 

Ta^rEBATcas. 

B<n>urlu  on  Wmther 

Ac. 

Date. 

Ait. 

W»tw. 

Jan.      1 

9  a.m. 

3S0 

35-2 

Bull  and  Cold 

8. 

»       2 

296 

35-2 

It              >■ 

8. 

„       3 

19-8 

361 

Keen  Frost 

N.E. 

■* 

38-2 

370 

Dull  and  Stormy 

8. 

,.       5 

44-3 

37-8 

8. 

„       6 

41-9 

38-0 

..                 >' 

W. 

..       ' 

49-7 

39-0 

8.W". 

..       8 

44-2 

39-6 

8. 

..       9 

36-9 

39S 

Cold 

W. 

„     10 

391 

39-9 

Misty 

V. 

..     H 

40-3 

40-0 

Cold  and  Fine 

"W. 

»     12 

41-2 

401 

11             II 

W. 

»     13 

460 

40- 1 

MUty  end  Stormy 

8.W. 

..     14 

37-8 

400 

Frosty          „ 

S.T. 

„     13 

37-5 

400 

ti               11 

8.W. 

„     16 

460 

40-2 

Dull  and  Fine 

8. 

,,    n 

44-9 

40-7 

Cold  and  Stormy 

8. 

„     13 

396 

40-7 

.. 

8. 

„     19 

37-8 

40-6 

Fine 

W. 

»     30 

320 

40-2 

Frosty  and  Snow 

■w. 

„     21 

31-8 

395 

Cold  Rain  and  Snow 

W. 

>.     22 

33-9 

3S-8 

II                 1' 

N. 

„     23 

32  0 

380 

11                 11 

W. 

..     24 

330 

37-8 

FroBty,  Bain 

w. 

„     25 

49-2 

38-2 

Doll  and  Kain 

w. 

„     2G 

37-4 

38-2 

Strong  Wind  &  Eain    W. 

.,     27 

34-8 

38-3 

Cold,  Snow 

w. 

„     28 

32-9 

37-6 

ti         11 

K.E. 

„     29 

24-5 

37-1 

Keen  Frost 

E. 

,.     30 

894 

378 

Dull  and  Rain 

W. 

„     31 

*" 

aS'O 

Misty      „ 

W. 

OLDHAM  CORPOEATION  WATERWORKS. 


OBSEEVATIONS,  DEN8HAW.- 


laoo. 

Hour. 

TBdPKanTCM. 

Bemark*  on  Weothsr,  to. 

Data. 

Air. 

Water. 

Feb.     1 

9  a.m. 

44-6 

88-4 

Misty  and  Stormy 

W. 

„      2 

37-6 

38  7 

Cold  but  Pine 

N.W. 

t>      3 

87-3 

38-7 

Dnll       „ 

s.w. 

..      4 

370 

38-8 

,,  but  Stormy 

w. 

..      5 

36-7 

38-6 

Cold  but  Fine 

N.E. 

»      6 

31-5 

38-2 

Keen  frost 

N.E. 

>.      7 

35-2 

38-0 

..       i> 

N.E. 

»      8 

300 

37-5 

■  1          n 

E. 

»      9 

32-4 

37-2 

II         n 

E. 

1,    10 

320 

37-0 

»         11 

£. 

»  u 

30'3 

365 

II         II 

E. 

..    12 

30-5 

362 

>■         .t 

£. 

„    13 

292 

35-4 

n         II 

E. 

..    H 

310 

35-0 

•  1         11 

E. 

„    15 

35'0 

350 

Snow  and  Rain 

N.E. 

„    16 

36-1 

35-a 

Cold  but  Fine 

S.W. 

1.    17 

315 

35  3 

It 

E. 

„    18 

36-0 

35-6 

„    and  Rough 

E. 

„    19 

34-4 

35-4 

11             11 

E. 

„    20 

31-3 

35-2 

„    and  Snow 

E. 

„    21 

34-0 

34-9 

DnU  hut  Fine 

S.E. 

„    22 

34-B 

34-4 

Frosty     „ 

E. 

»    23 

34-2 

34-8 

.1          1- 

E. 

„    24 

38'5 

35 '3 

11          11 

N.E. 

„    25 

38-0 

35-.^ 

11          -I 

E. 

„    2G 

37-8 

36  0 

Cold  and  Snow  Storms  E. 

»    27 

32  0 

35-9 

„       Keen  Frost  N.E. 

„    28 

31-2 

35  3 

N.E. 

OLDHAM  COUFOEATION  ■ffATEEWORKS. 
OBSERVATIONS,  DENSHAW.-f«.(ii.Mrf. 


1890. 

Hoor. 

TniPMATiJBi. 

Bemaika  on  WeatheT 

*o. 

UBtS. 

Air. 

Water. 

Uuohl 

9  a.m. 

32-6 

34-5 

Keen  Froatand  Snow  N.W. 

).       3 

26-5 

34-1 

••       11            >i 

N.E. 

..      3 

26-0 

33-8 

„       „           Cold 

E. 

..      * 

25-6 

330 

„       ,,           Eain 

8.W. 

,1      fi 

331 

34-0 

H            11                        11 

W. 

»       6 

420 

35-2 

Dull  and  Stormy 

W. 

„      7 

430 

35-9 

•  r                    <• 

W. 

„      8 

34-6 

360 

Frosty  and  Snow 

8.W. 

..      9 

32-7 

35-8 

II                            M 

8.W. 

„    10 

42-4 

360 

Dull  and  Stormy 

8.W. 

»  n 

44-8 

37-2 

„    but  Fine 

8.W. 

„    12 

45-8 

37-8 

8.W. 

„    13 

41-4 

38  2 

„    Hnd  Stormy 

S-W. 

>.    H 

400 

38-5 

S.W. 

„    15 

41-6 

38'6 

„    but  Fine 

8,W. 

„    16 

51-0 

39- 1 

,,    audltain 

8.E. 

..    IT 

380 

39-7 

Cold  Mid  Stormy 

8.W. 

„    18 

38-7 

39-8 

11            •■ 

8.E. 

„    19 

36-5 

39-6 

„           Snow 

S.E. 

„    20 

35B 

39-4 

W. 

.,    21 

36-0 

39-3 

Dull 

W. 

„    22 

37-5 

38-9 

W. 

..    23 

42-0 

39-3 

Eain 

W. 

,.    24 

39-3 

391 

II             •• 

S.E. 

.,    25 

40G 

39-5 

Cold  and  Stormy 

S.E. 

..    26 

430 

40-1 

Doll 

W. 

..    27 

47-8 

40-5 

S.W. 

„    28 

481 

41-0 

„     bnt  Fine 

8.W. 

„    29 

43-0 

41-4 

»i             1' 

W. 

„    30 

45-4 

41-9 

Clear  and  Fine 

W. 

„    31 

40-4 

41-8 

Frosty        ,, 

E. 

OLDHUi  COKPOEATION  WATEIIWOBKS. 


lB9f. 

Hour. 

TiMFEIUTDKB. 

lUnuAs  on  Wtathar,  fto. 

Date. 

Air. 

Water. 

April   1 
.,      2 

9 

.m. 

42-3 
451 

41-6 
41-6 

Frosty  and  Fine 

8.E. 
E. 

..     3 

44-7 

4I-B 

I. 

E. 

>.     * 

450 

41-9 

E. 

;       5 

41-8 

42-3 

>. 

E. 

..      6 

432 

42-6 

Dull  and  Rain 

W. 

»      8 

408 
38-5 

43-0 
42'8 

Cold  and  Showery 

"W. 
W.W. 

..      9 

37-9 

428 

Cold  but  Fine 

N. 

37-3 
401 

42-7 
42-9 

Frosty       „ 

N.E. 

K. 

.,    12 
„     13 

38-6 
36-8 

42-8 
42-6 

Frosty  and  Snow 

N.E. 
E. 

„     15 

37-0 
38-6 

420 

419 

Very  Rough  and  Cold    E. 
E. 

„     16 

40-3 

41-8 

E. 

..     17 

41-2 

41-8 

E. 

„     IS 

38-1 

41  5 

E. 

„     19 

38-5 

41-3 

E. 

„    20 

410 

41-9 

DuU  but  Fine 

S. 

„    21 

466 
470 

41'9 
42-0 

DuU  and  Showery 

s. 

„    23 

45-2 

42-4 

Cold 

w. 

»    24 

43-3 

42-8 

w. 

»    25 

403 

42  8 

N.W. 

„    26 

41-9 

42-9 

Cold  but  Fine 

N.E. 

-  ..    27 

44'6 

429 

Dull 

N.W. 

„    28 

40  3 

43-2 

N.E. 

„    29 

igs 

43-9 

-. 

S. 

,.    •■!(> 

53-8 

45-3 

Fine  and  Warm 

s. 

OLDHAM  COKPOltATlON   WATERWOKKS. 
OBSERVATIONS,  BESSUAW.— CimiiJiM**. 


1890. 

Hour. 

TsiiygBJiTmii. 

Qemarkt  on  Weather 
UoU,  but  Fine 

to. 

Date. 

Air. 

Water. 

May      1 

a  a.n). 

440 

44-7 

E. 

.,      3 

4S'6 

453 

Pine  and  Warm 

E. 

,.       3 

51-3 

46-4 

8.E. 

..      4 

62-6 

47-6 

E. 

,.      6 

46-4 

47-7 

Miety  and  Ilain 

E. 

,,      6 

53-2 

48-4 

Thunder  iind  Wam 

E. 

..      7 

50-1 

486 

Close  ond  Warm 

S.E. 

..      8 

46-5 

48  3 

Misty  and  Bain 

E. 

..      9 

45-4 

48-0 

Misty  and  Wild 

E. 

.1    10 

46-0 
47-3 

48-0 
48-3 

Misty  and  Showery 
Very  Wet 

E. 
N.W. 

„    12  1 

560 

49-6 

Thunder  BJid  Ruin 

W. 
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NITROGEN  GAS  IN  STRINESDALE  TUNNEL. 
By  Mr.  William  Watts,  F.G.S. 


At  an  early  meeting  of  the  Society  during  the  present 
session  I  reported  an  outburst  of  nitrogen  gas  from  the 
fissures  of  a  white  rock  in  Strinesdale  Timnel.  This  gas 
had  seriously  interfered  with  the  health  of  the  miners,  and 
obstructed  free  combustion  of  candle  light.  It  was  free 
from  smell  and  did  not  make  the  men  breathe  heavily  as 
an  atmosphere  charged  with  carbonic  acid  gas  from  old 
colliery  workings. 

The  gas  escaped  very  freely  at  times  from  openings  in 
the  rocky  floor,  sides,  and  roof,  and,  in  some  instances,  was 
sufficiently  strong  to  extinguish  a  candle  blaze  18  inches 
away  from  the  fissure.  It  was  not  simply  a  blowing  out  by 
the  current  or  force  of  the  escaping  gas,  but  an  instantaneous 
snuffing  out,  leaving  no  doubt  in  my  mind  that  it  contained 
very  little  oxygen.  On  some  occasions  the  gas  ceased  flow- 
ing, and  a  candle  light  could  be  held  in  the  fissure  with 
impunity  ;  whilst  on  other  occasions  the  air  of  the  heading 
was  drawn,  or  sucked  in,  thus  reversing  the  current  which 
seemed  to  me,  and  others  who  witnessed  it,  a  strange 
phenomenon  and  inexplicable,  except  on  the  hypothesis  that 
the  clefts  in  the  rock  communicated  with  the  surface  of  the 
ground  or  some  disused  colliery  workings  which  exist  in  the 
neighbourhood.  * 

Some  of  the  fissures  contained  iron-pyrites  in  addition  to 
crystals  of  felspar  and  quartz,  but  mainly  the  former.  The 
rock  is  fine  in  texture  and  lies  in  beds  of  about  18  inches  to 
2  feet  in  thickness.      It  disintegrates  on  exposure  to  the 


♦  Mr.  Le  Neve  Foster,  B.A.,  F.G.8.,  H.M.  Inspector  of  Mines,  North 
Wales,  informs  me  that  there  is  a  waterfall  at  Buxton  which  gives  off 
•nitrogen  gas. 
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atmosphere,  and,  therefore,  is  not  a  suitable  building  stone. 
Silica  seems  scarce  in  it. 

The  nitrogen  blowers  to  which  I  have  referred  continued 
in  a  modified  form  for  months.  Indeed  we  are  not  entirely 
rid  of  them  to-day,  but  their  force  is  greatly  diminished, 
although  the  tunnel  invert  is  about  400  feet  below  the 
surface  of  the  ground. 

On  some  few  occasions,  when  the  atmosphere  outside  the 
tunnel  was  heavy,  or  the  wind  blowing  into  the  heading, 
the  miners  were  dazed  when  leaving  their  work,  and  two  of 
them  had  their  legs  semi-paralysed  for  a  brief  period,  but 
no  other  results  followed. 

Very  efficient  ventilation,  and  stopping  the  openings  with 
clay  paste,  were  requisite  to  restore  the  air  in  the  heading  to 
a  breathable  condition  and  fit  for  the  men  to  work  in. 

When  I  mentioned  this  matter  to  the  Society,  some 
months  ago,  the  members  present  doubted  my  conclusions, 
and  requested  me  to  have  the  gas  analysed.  I  have  done 
so,  and  Mr.  Frank  Pullinger,  B.A.,  F.C.S.,  informs  me 
that  it  contains — 

Nitrogen 92  volumes. 

Oxygen        8         „ 

Carbonic  acid A  trace. 

The  dizzy  effect  produced  on  the  men,  Mr.  Pullinger 
says,  was  due  to  the  absence  of  a  sufficiency  of  oxygen. 

For  his  kindness,  and  the  ready  way  Mr.  Pullinger  has 
helped  me,  I  return  him  my  hearty  thanks. 


Mr.  Dickinson  moved  a  vote  of  thanks  to  Mr.  Watts  for 
his  paper. 

Mr.  Watts,  replying  to  a  question,  said  that,  in  the 
tunnel,  they  had  passed  through  three  of  the  lower  coal 
seams,  and  doubtless  they  were  in  close  proximity  to  some 
old   workings.     But  what  astonished  him  most  was  the 
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fact  that  1,039  yards  in,  and  directly  under  the  hill  where 
there  was  no  coal  above  or  below,  there  occurred  from  time 
to  time  these  inrushes  of  nitrogen. 

The  President  asked  if  it  was  possible  the  air  taken  to 
be  analysed  could  have  been  that  resulting  from  the  use  of 
an  explosive,  rather  than  what  had  issued  from  the  strata  ? 

Mr.  Watts  :  Oh  dear,  no !  Permit  me  to  explain  the 
mode  by  which  the  gas  was  collected.  I  got  the  fissure 
sealed  up  with  clay,  and  then  inserted  a  small  pipe  the  end 
of  which  was  inserted  into  a  bottle  of  water  :  this  water  was 
gradually  poured  out,  and  the  gas  rushed  in,  and  before  the 
whole  of  the  water  had  disappeared  it  was  carefully  sealed 
up,  so  that  there  was  no  possibility  of  the  fumes  from  the 
heading  getting  into  the  five  bottles  which  Mr.  Pullinger 
and  his  brother  were  kind  enough  to  collect  and  analyse  for 
me. 

In  answer  to  another  question,  Mr.  Watts  said  the  whole 
thing  was  to  him  a  phenomenon,  and  he  had  brought  it 
before  the  Society  with  a  view,  if  possible,  to  elicit  some 
explanation.  He  thought  some  of  the  members  would  be 
better  able  to  judge  of  the  matter  than  he  was  himself. 

Mr.  Saint  asked  if  the  gas  in  question  was  readily 
diffused  throughout  or  lay  near  the  floor. 

Mr.  Watts  :  Long  before  we  detected  the  gas  coming  out 
of  the  fissures  in  the  roof  we  heard  bubblings  in  the  bottom 
of  the  floor,  or  invert,  as  we  call  it.  We  have  a  small 
amount  of  water  rushing  in  at  the  floor,  and  in  several  places 
we  heard  this  bubbling  ;  but  I  came  to  the  conclusion  that 
it  was  the  inrush  of  the  water  and  not  the  nitrogen  gas, 
which  we  subsequently  found  to  be  the  case.  Further,  as  you 
are  aware,  the  miners  when  they  are  drilling  oft«n  put  their 
candle  as  near  to  the  hole  as  possible :  on  some  occasions 
the  outrush  from  the  bore  holes  in  this  tunnel  has  been 
sufficient  to  extinguish  the  candle  placed  near  the  bore  hole. 


611 

Mr.  Grundy  :  Have  you  taken  any  special  means  to 
determine  whether  there  is  any  considerable  proportion  of 
carbonic  acid  gas  present  ? 

Mr.  Watts  :  There  is  a  trace,  as  indicated  in  the  paper. 
Mr.  Pullinger,  I  may  add,  came  twice,  and  was  greatly  in- 
terested in  this  matter.  I  asked  him  to  be  as  careful  as  he 
possibly  could  so  that  his  analysis  would  bear  criticism 
before  this  meeting ;  and  I  think  we  may  take  that  analysis 
as  having  been  made  with  all  the  care  that  was  possible  also 
to  get  the  gas  as  it  came  from  the  fissure  perfectly  pure. 

Mr.  Tonge:  At  the  point  where  the  nitrogen  gas  has 
been  issuing,  is  it  possible  that  there  may  be  crevices  in  the 
rock  above  bringing  the  gas  from  some  nitrogenous  matter  ? 

Mr.  Watts  :  Its  first  appearance  was  at  a  distance  of  729 
yards  from  the  face  ;  we  are  now  1,038  yards,  and  it  is  again 
troubling  us,  though  we  have  not  so  much  of  it  as  we  had 
at  the  first.  At  1,038  yards  we  are  a  little  over  400  feet 
below  the  surface  of  the  ground.  I  have  already  explained 
that  the  Lower  Coal  Measures  do  not  crop  out  above- 
Indeed,  immediately  imdemeath  the  High  Moor  Rock,  which 
is  termed  the  Woodhead  Hill  Rock,  there  is  no  coal  of 
importance.  At  700  yards  we  should  be  probably  250  feet 
below  the  surface  of  the  ground,  there  we  are  more  in  the 
immediate  neighbourhood  of  the  outcrop  of  the  Mountain 
Mine,  through  which  we  have  cut. 

The  President  asked  if  any  other  gentleman  had  met 
with  a  similar  experience  to  Mr.  Watts. 

Mr.  Wild  :  I  do  not  know  that  I  have  met  with  strange 
gas  which  would  put  out  a  lamp,  but  in  an  old  tunnel  we 
met  with  what  has  been  called  "white  damp."  The 
atmosphere  affected  breathing  very  much,  and  the  chest 
also,  causing  very  severe  aching  pains ;  but  the  candle  burnt 
brightly  to  the  face.  Anyone  breathing  the  atmosphere  for 
an  hour  or  two  would  feel  the  effects  for  days  afterwards. 
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What  the  gas  was,  which  produced  those  effects  we  never 
ascertained :  it  was  locally  known  as  white  damp.  I  had 
previously  supposed  white  damp  to  arise  from  the  blasting 
process.  The  tunnel  was  a  single  one,  and  was  arched  to 
within  four  feet  of  the  face,  and  had  been  standing  some 
years. 

Mr.  Watts  :  In  the  Strinesdale  tunnel  the  instant,  almost, 
that  we  put  the  candle  to  the  fissure  from  which  gas  was 
escaping  it  went  out. 

The  President  :  I  do  not  think  you  told  us  whether  this 
gas  sought  the  bottom  or  escaped  near  the  roof — ^whether  it 
seemed  to  be  heavier  or  lighter  than  the  air  in  the  place. 

Mr.  Watts  :  I  did  not  make  any  tests  with  reference  to 
that.  But  it  escaped  more  at  the  sides  and  out  of  the  holes 
which  the  men  made  with  their  drills  when  they  hit  upon  a 
joint. 

Mr.  Boole  said  it  had  occurred  to  him  that  there  might 
be  an  explanation  of  this  phenomenon.  Supposing  the  gas 
were  formed  originally  from  atmospheric  air,  by  the  action 
of  the  air  on  coal,  they  knew  that  under  certain  conditions 
the  oxygen  of  the  air  would  enter  into  combination  with  the 
carbon  of  the  coal  to  form  carbonic  acid  gas;  and  he  believed 
this  took  place  in  old  workings  very  frequently,  and  also  in 
seams  which  were  near  the  outcrop.  In  such  a  case,  if  the 
air  was  deprived  of  its  oxygen  by  the  coal,  the  nitrogen  of 
the  air  must  remain ;  and  Mr.  Grundy's  remark  as  to  the 
solubility  of  carbonic  acid  gas  might  account  for  the 
nitrogen  being  left  behind — the  carbonic  acid  gas  being 
absorbed  by  the  water  in  the  strata. 

Mr.  Watts  observed  that  he  thought  this  might  be  a  very 
feasible  explanation.  He  added,  in  reply  to  an  observation 
from  Mr.  Grundy,  that  the  gas  was  not  rushing  out  now 
quite  in  such  volume  as  formerly.  They  had  to  start  the 
"blower  "  on  a  Sunday  evening — 12  hours  or  so  before  the 
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men  went  in.  If  they  failed  to  do  that  the  men  could  not 
commence  work  so  soon  on  the  Monday  morning.  The 
ventilation  must  be  very  efficient,  notwithstanding  that  they 
had  the  tunnel  lined  with  brick  for  about  750  yards  out  of 
the  1,000.  They  had  followed  up  as  soon  as  they  could 
with  the  brick  lining,  in  order  to  exclude  the  nitrogen  as 
well  as  to  expedite  their  work. 

Mr.  Wild  suggested  that  there  might  be  a  bed  of  iron 
pyrites  in  the  neighbourhood,  chemical  action  upon  which 
might  produce  the  phenomena  to  which  Mr.  Watts  had 
called  attention,  as  it  is  known  that  there  are  hundreds  of 
tons  left  in  the  disused  mines  of  the  neighbourhood  which  in 
decomposition  would  absorb  much  oxygen. 

Mr.  Watts  said  that,  in  some  joints,  they  had  found 
abundance  of  iron  pyrites,  the  presence  of  which  caused 
quite  a  sensation  in  the  neighbouring  village.  The 
inhabitants,  hearing  that  gold  had  been  found,  went  and 
gathered  great  quantities. 

Professor  Dawkins  said  he  thought  the  explanation  they 
had  had  from  a  member  was  very  probably  the  correct  one. 
He  thanked  the  gentleman  who  had  spoken  for  having 
given  them  such  a  simple  view  of  the  matter. 


THE  CAEBONITE  SYNDICATE  EXPLOSIVES. 
By  Mr.  William  Watts,  F.G.S. 


This  Company  wrote  to  the  Secretaries  of  the  Manchester 
Geological  Society  some  time  ago  to  ask  if  the  Council 
would  undertake  to  test  their  new  explosives.  In  reply,  it 
was  explained  that  the  Society,  as  a  body,  was  not  an 
experimenting  one,  but  if  individual  members  wished  they 
had  the  option  of  obliging  the  Company.  Accordingly  I 
communicated  with  Mr.   Larsen,   one    of    the    managing 
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directors,  who  kindly  furnished  me  with  1^^  cwt.  of  his 
explosives,  and  came  oyer  to  see  a  few  shots  fired  in 
Strinesdale  Tunnel. 

The  explosives  are  of  two  kinds,  viz.,  carbonite  and 
stonite.  Carbonite  is  a  mealy  brown  substance,  not  unlike 
disintegrated  old  red  sandstone  in  appearance.  Stonite  is 
a  dark  pasty  substance,  somewhat  incoherent  at  a  tem- 
perature of  about  70**,  but  hard  at  a  low  temperature.  It  is 
a  more  powerful  explosive  than  carbonite,  and  does  its  work 
more  efficiently,  but  the  quantity  we  used  did  not  enable  us 
to  make  decided  tests.  Both  compounds  give  off  gaseous 
fimies  on  explosion  fully  equal  to  tonite,  but  much  less 
dense  than  blasting  powder.  Carbonite,  on  explosion, 
leaves  a  deeper  socket  in  the  shot  hole  than  stonite,  a  proof 
that  its  combustion  is  less  efficient  and  energy  less  tre- 
mendous. I  am  not  able,  however,  to  estimate  the  pressure 
of  explosives  except  by  results,  and  my  observations  must 
be  taken  for  what  they  are  worth.  It  does  not  follow  that 
a  powerful  explosive  is  the  best  in  all  classes  of  rocks.  It 
must  be  judged  by  the  effects  produced  in  the  strata  dealt 
with.  The  relative  strength  of  the  common  explosive 
agents,  as  far  as  tunnel  driving  is  concerned,  must,  in  my 
opinion,  be  measured  by  their  commercial  results,  and  not 
as  shattering  agents. 

Carbonite  occupies  an  intermediate  place  between  tonite 
and  blasting  powder,  and  may  be  found  useful  in  fiery 
mines.  Such,  however,  are  the  economical  uses  I  have 
formed  of  it. 

Neither  compound  is  made  up  in  a  form  convenient  for 
ready  use.  Probably  the  low  temperature  at  which  the 
mixtures  harden  prevent  the  cartridges  being  made  up 
similar  to  tonite.  A  mechanical  mixture  requiring  to  be 
kept  at  a  given  temperature  does  not  find  favour  with 
miners,  and  to  carry  it  about  with  them  for  warmth  adds 
danger   to  an  inconvenience.      A  warm  water   bath   is  a 
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simple  expedient  for  airing  the  cartridges,  but  it  requires 
attention  and  is  often  at  the  wrong  place  when  wanted. 

Tonite,  stonite,  and  carbonite  are  detonated  in  the  same 
manner,  but  the  former  comes  ready  pierced  for  the  "  cap." 
The  two  latter  require  piercing,  which  the  miners  do  not 
like.  ObTiously  some  little  delay  takes  place  in  attaching 
the  detonators  to  the  explosive  substance  which  it  would  be 
better  to  avoid,  and  if  the  cartridges  could  be  made  up  in 
the  form  of  tonite  "  pills "  it  would  save  time  and  bring 
them  more  into  favour. 

With  regard  to  tamping,  the  treatment  is  the  same  in  the 
three  mixtures. 


The  thanks  of  the  meeting  were  voted  to  Mr.  Watts  for 
his  interesting  communications. 


NOTES  ON  THE  UPPER  PERMIANS,   Ac,  AT 
FALLOWFIELD,   LATELY  LAID  OPEN. 

By  Mr.  Charles  Roeder. 


PART  I. 

In  the  latter  part  of  April  of  this  year  the  excavations 
now  in  progress  at  Fallowfield,  between  Ladybam  Lane  and 
Blade  Lane,  were  carried  to  a  level  sufficiently  deep  to 
expose  and  lay  open  the  edges  of  the  Upper  Permian  Series, 
and  some  members  of  the  Upper  Coal  Measures,  namely,  the 
Ardicick  (Spirorhis)  Limestones,  These  discoveries  in  that 
direction  came,  of  course,  not  as  a  novelty,  for  their  existence 
at  various  adjacent  points  had  been  demonstrated  some  six 
years  ago,  in  connection  with  sewerage  schemes  which 
necessitated  a  series  of  shaft  sinkings  along  parts  of 
Bumage  Lane  and  Mauldeth  Road.  At  the  former  points 
the    Spirorbis    banks    were    struck    upon,    while    at    the 
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latter,  the  Upper  Permian  beds  were  reached.  Further 
detailed  sections  and  iavestigations  were  promised  at  the 
time,  but  the  matter  remained  a  desideratum,  and  conse- 
quently our  knowledge  with  respect  to  the  extent  and 
relationship  of  the  two  foimations  in  these  parts  of  the 
South -East  of  Manchester  was  not  particularly  increased. 
Under  these  circumstances  the  course  of  the  present 
excavations  has  been  followed  with  unmitigated  interest 
by  all  those  who  had  become  aware  of  their  out-crop  at  a 
point  situate  considerably  to  the  west  of  a  line  drawn  on  the 
older  Geological  district  map,  the  boundaries  of  which  in 
this  respect  were  merely  preliminary  and  of  a  tentative 
kind.  As  one  who  has  been  able  uninterruptedly  to 
study  the  progress  of  the  excavations,  I  may  be  permitted 
to  address  you  for  a  short  time  for  the  purpose  of  bringing 
under  your  notice  some  of  the  features  of  particular  parts 
of  the  section  which  call  for  remarks  and  deserve  notice. 

Starting  from  the  railway  bridge  now  constructing  at 
Ladybarn  Lane  with  Mellor's  Farm  at  the  north  side,  we 
shall  follow  the  line  in  its  easterly  direction,  and  arriving 
at  a  point  just  opposite  the  second  farm,  belonging  to  Mr. 
Grundy,  we  notice  on  the  northern  embankment  the 
appearance  in  the  Triassic  beds  of  a  series  of  intercalated 
red  and  white  marl,  12  to  13  inches  thick,  offering  a  fine 
illustration  of  displacement  in  consequence  of  the  occurrence 
of  a  fault.  The  result  is  a  down-throw  to  the  west  of  about 
23  inches ;  the  marls  assume  a  dip  of  5°,  rise  again  in  a 
curve,  and  fall  away  again  at  about  10°  to  the  west,  while 
the  up-throw  side  maintains  a  slope  of  about  8"".  The  fault 
hades  at  an  angle  of  80°,  running  N.N.E.  magnetic,  and  the 
two  contiguous  surfaces  are  found  quite  smooth  and  striated. 
The  slipped  ends  of  the  marl  beds  taper  away,  and  have 
undergone  lamination  and  shaving,  and  constitut-e  true 
slickensides.  Leaving  this  point,  and  about  280  yards 
further  down,  the  Triassic  rocks  which  at  Ladybarn  Lane 
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bridge  reached  a  height  of  about  18  feet  fall  gradually 
away,  and  lean  against  the  low  out-cropping  truncated  edges 
of  the  Permian  Marls.  The  new  railway  afiPords  an  excep- 
tional opportunity  of  observing  the  contour  lines  of  the  New 
Red  Sandstone  from  Houghend  Glough  onwards.  In  the 
doughs  the  Boulder  clay  is  sinking  considerably,  and 
concealed  by  stretches  of  white  bleached  forest  sand ;  then 
a  little  further  to  the  east  the  rock  rises  again  to  the  surface, 
disappearing  again  under  the  thickening  boulder  clay,  some 
distance  before  we  reach  the  high  road  at  Fallowfield ;  when 
it  rises  again  to  a  maximum  point  at  Ladybarn  Lane 
bridge  and  disappears  at  the  junction  with  the  Permian 
Marls,  where  in  its  turn  the  boulder  clay  grows  in  thickness 
{i.e.f  14  feet),  maintaining  this  average  within  a  few  feet 
until  it  reaches  the  east  side  of  Burnage  Lane  railway 
bridge,  where  it  is  found  to  assume  a  thickness  of  24  feet. 
The  contour  lines  we  meet  on  traversing  the  terrain 
described  seem  to  indicate  that  we  have  to  do  with  very 
long-stretched,  gentle  curves  and  undulations — hill  and 
dale  systems  on  a  small  continuous  scale — and  that  there 
cannot  have  been  any  great  violence  of  movement  or 
extremes  of  denudations  so  far  as  the  Triassic  rocks  are 
concerned,  when  glacial  conditions  invaded  the  area  which 
is  under  our  immediate  consideration. 

Reverting  again  to  the  junction  of  the  Upper  New  Sand- 
stone and  the  Permians,  which  have  here  been  cut  off  by  a 
fault,  I  have  thought  it  the  most  convenient  course  to  adopt  to 
elucidate  matters,  to  prepare  a  series  of  photos,  (see  diagrams), 
which  have  been  kindly  taken  by  Mr.  M.  W.  Thompstone. 
The  only  source  of  regret  I  feel  in  placing  the  same  before 
you  is  the  circumstance  that  the  set  is  not  to  be  considered 
complete.  Parts  of  the  section  have  at  no  time  been 
sufficiently  exposed,  other  important  ones  are  masked  and 
filled  with  boulder  clay,  and  the  opposite  south  embankment, 
which  might  have  helped  considerably  in  unravelling  the 
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much  contorted  and  faulted  structure  of  the  Permian  strata 
met  with,  was  not  accessible  to  us  when  I  visited  the 
section,  together  with  Mr.  Stirrup  and  Mr.  Thompstone; 
being  so  obliterated  by  continual  rainwash  that  it  was 
perfectly  useless  to  attempt  taking  any  plates  on  that 
side.  But  with  all  these  drawbacks  I  trust  that  the 
coloured  views  exhibited,  accompanied  by  all  the  essential 
specimens  required  for  gaining  a  clear  conception  of  the 
lithological  nature  of  the  various  beds,  will  be  enough 
to  serve  for  the  description  and  observations  which 
I  shall  have  to  make  in  connection  with  the  subject 
Beginning,  therefore,  with  the  New  (Upper)  Red  Sandstone, 
which,  it  may  be  observed,  assumes  along  the  line  a  dip 
varying  between  10  to  15°,  and  presenting  many  instances 
of  false  bedding  and  other  smaller  or  greater  faults  and 
cracks,  of  which  more  later  on,  we  see  on  looking  at  the 
^joloured  section  that  the  Triassic  beds  rest  on  the  slopes  of 
the  Permian  marls,  which  are  cut  off  to  the  west  by  a  fault, 
and  thrown  down  on  that  side  to  a  depth  and  extent  which 
we  have,  at  present,  no  means  to  ascertain.  The  remaining 
slight  overlap  of  the  New  Red  Sandstone  extends  about  23 
inches,  and  at  the  point  of  the  sudden  descent  of  the  murls 
the  thickness  of  the  overlying  younger  formation  measures 
27  inches.  I  have  particularly  examined  the  faulted 
junction,  and  it  appears  that  the  marls  in  consequence  of 
the  downslip  have  assumed  a  scaly,  laminated  composition, 
perfectly  slickensided,  and  become  so  tenacious  a  mass  as  to 
form  a  regular  paste  of  a  motley  colour,  due  to  the  intimate 
incorporation  with  the  New  Red  Sandstone,  which  at  the 
fault  has  the  appearance  of  a  white,  thick-coated  plaster. 
I  have  looked  at  this  place  for  chance  traces  of  Permian 
debris  or  fragments  as  possibly  imbedded  in  the  Trias, 
but  rav  search  has  been  unsuccessful ;  however,  such 
indications  may  exist  further  to  the  west  at  deeper 
levels. 
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I  must  now  dedicate  a  few  minutes  to  the  examination  of 
the  extent  of  the  Marls,  Sandstone  beds,  and  Limestones. 
We  find  in  descending  order  the  following  horizontal 
relations : — 

Feet. 

36  Marls,    comprising    various    thin    limestone    bands, 
calcareous  sandstone,  and  indurated  clay. 
6  Compact,  whitish-green  limestone. 
6  Rather  micaceous  sandstone  and  compact  crystalline 
sandstone  banks. 
36  Marls. 

15  More  or  less  weathered  sandstone  banks. 
27  Boulder  clay,  filling  apparently  a  hollow  and  pointing 

to  the  existence  of  another  fault. 
51  Ditto,  underlaid   by  a  reddish,  specifically  permian- 
derived  boulder  clay. 


183 


This  would  comprise  and  constitute  the  Upper  Permian 
series. 

These  are  succeeded  by  the  Lower  Permian  group,  viz. : — 

Feet. 

34  White  and  red,  very  compact  calcareous  conglomerates. 

45  Red,  coarse-grained,  well-rounded,  disintegrated  sand- 
stone, which  seems  to  have  undergone  the  action  of 
water. 
1446  Soft  micaceous  sandstone,  very  regularly  deposited, 
and  showing  throughout  its  whole  length  a  constant 
dip  of  about  20**  to  about  N.N.W.  magnetic. 


1708  Total. 


The  Lower  Permian  Sandstone  group  is  followed  by  the 
purple  marls  west  of  Burnage  Lane  Bridge  (nee  diagram)  y 
which  here  are  overlapped  by  the  former.     The  dip  of  these 
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purple  marls  at  that  point  is  concordant  with  the  above,  and 
shows  no  break ;  they  are  apparently  quite  conformable. 

I  have  now  to  speak  of  the  thickness  of  the  Upper  Per- 
mian series.  As  indicated  above,  the  horizontal  extent  is 
183  feet,  but  we  are  left  without  reliable  means  of  arriving 
at  their  thickness,  as  they  are  too  plicated  and  contorted  to 
ofiPer  a  safe  basis  to  go  upon ;  any  speculation  is  therefore 
useless. 

The  lower  conglomerates  and  sandstones  do  not  offer  the 
same  difficulty,  and  may  be  put  down  as  being  of  about  500 
feet  thick. 

After  this  short  outline  I  must  return  again  to  the  photo- 
graphic section,  and  propose  now  to  give  some  details  of 
various  and  clearly  revealed  deposits.  I  have  bracket^  the 
bands  and  beds  I  wish  to  describe,  and  which  are  in  descend- 
ing order  as  follows  : — 

Inches. 

3*5  Calcareous  sandstone  with  dendrolitic  formations  on 
the  surface,  micaceous,  easily  splitting  and  powdery 
to  the  touch ;  imbedded  in  it  we  find 
occasionally  small  oval  ferruginous  bodies.  We 
notice  in  it  the  occurrence  of  fine,  small,  well- 
preserved  specimens  of  Schizodm ;  their  existence 
in  this  sandstone  has  not  been  registered  by  the 
older  observers  of  the  local  Perraians,  and  as  they 
occur  rather  rarely,  their  presence,  no  doubt,  has 
been  overlooked. 

0*6  Red  laminated  clay  without  fossils. 

0*4  Chocolate  coloured  and  greenish-white  shell  marl,  the 
shells  mostly  flattened  and  almost  indistinct ;  they 
are  not  scattered  pell-mell,  but  are  deposited  in 
regular  layers,  lamina  on  lamina,  and  on  exposure 
crumble  away  in  small  lenticular  masses.  This  shell 
marl  is  principally  made  up  of  shoals  of  Oervillia; 


621 

if  we  wash  and  sift  the  undissolved  residuum  we 
find  in  it  great  numbers  of  very  small  Turbos  and 
minute,  complete  Oervil/ias,  and,  what  is  rather 
interesting,  large  rounded  quartz  grains,  of  pin- 
head  size,  which  no  doubt  drifted  into  it  from  the 
more  distant  lower  sandstone  deposits. 

8*0  Red  clay  with  thin  shell  partings  between  them,  but 
too  obscured  at  the  time  they  were  examined  to 
make  out  details. 

I'O  Greenish- white  limestone  band,  broken  up  into  frag- 
ments in  consequence  of  the  complete  plication 
the  band  has  undergone.  We  meet  with  many 
concretions.  The  leading  fossil  contained  in  it  is 
SchizoduSy  mostly  flattened  and  broken  into  many 
pieces  and  traversed  by  calcareous  fissures,  the 
shells  often  1*8  inches  high.  They  are  the  largest 
specimens  of  the  Schizofius  group,  and  the  band 
seems  wholly  made  up  of  them,  forming  a  kind  of 
breccia.  At  the  bottom  it  passes  into  a  reddish 
limestone,  composed  of  innumerable  swarms  of 
Gervillia,  which  are  covered  with  a  ferruginous 
skin.  The  shells  are  overrun  with  annelida  of  the 
Verm  ilia  obscura  type. 

16'0  Red  clav,  too  obscured  to  make  out. 

1*8  Indurated  red  clay  ;  the  upper  surface  contains  com- 
plete and  fine  specimens  of  Gervillia^  but  few  in 
number,  often  in  their  living  position,  the  striae 
quite  distinct,  as  well  as  the  dorsal  structure. 
They  are  also  coated  with  Vermilia ;  the  colour  of 
the  shell  substance  is  of  deep  amber. 

1*8  Purple  or  chocolate  shell  marl. 

1"5  Red,  massive  clav  without  fossils. 

0*8  Ferruginous  deep-red  clay,  concretionary,  unfossili- 
ferous. 
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6"7  Pure,  |:ed  clay,  of  conchoid  fracture,  on  exposure  breaks 
away  in  irregular  cracks,  but  later  on  hardens; 
exposed  to  the  rain  it  splits  into  fine  lamellas^ 
crumbling  away  in  concentric  layers.  It  is  devoid 
of  moUusca,  and  seems  to  be  a  quiet  deposit  which 
at  regularly  recurring  periods  covered  the  living 
shells.  It  is  only  quite  exceptionally  that  we  here 
and  there  in  the  upper  parts  meet  with  some  sporadic 
small  Schfzodus,  as  mere  specks,  but  otherwise 
they  arc  sterile. 

0-6  Shell  clay. 

7*8  Pure  red  unfossiliferous  clay,  as  described. 

05  Shell  clay  parting. 

6*0  Red  clay  without  fossils. 

2*2  Greenish,  shelly  calcareous  clay,  of  a  lumpy  and 
knobby  constitution;  on  breaking  the  rounded 
masses,  we  find  the  inside  hollow  and  filled  with 
small  calcite  crystals. 

1-0  Red  clay. 

0*5  Green,  past}"^  calcareous  mass,  fossiliferous. 

3*5  Red  clay,  when  di&engaged  in  situ^  it  presents  a  cubic 
arrangeracnt,  running  in  long  horizontal  columns, 
0*5-06  ill.  wide ;  these  very  regular  slices  adhere  to 
the  underlying  white  calcareous  paste,  as  if  im- 
pressed in  it,  while  the  white  mass  is  squeezed  up 
between  the  separate  columns.  We  observe  that 
these  long  columns  always  run  in  the  same  direc- 
tion, their  long  axis  placed  North  and  South. 

0*5  Green  band,  fossiliferous.  j 

0*5  Ilard  red  clay,  of  bandy  structure,  jasper-like,  difiicult  ] 
to  break.  Exposure  will  break  it  up  into  fine  : 
lamellao. 

1*5  Green  band,  fossiliferous. 

I'O  Red,  indurated  clay,  as  before. 
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6'0  Compact  limestone,  greenish- white,  on  longer  exposure 
turning  yellow;  often  marked  with  ferruginous 
patches  and  nests.  It  contains  quantitatively  the 
greatest  number  of  shells.  We  find  here  Schizodus, 
Pleurophorus,  Turbo,  O^mllia  ?  JEdmondiay  Vermilia; 
besides,  in  certain  regions,  masses  of  black  bodies, 
sometimes  globular,  vermiform,  or  tubular,  which 
seem  to  be  of  coprolitic  origin,  and  may  be 
owing  to  the  mollusca.  There  also  occur  traces  of 
Filograna  Permiana,  while  of  the  brachiopods,  as 
Strophalosta,  no  indication  whatever  can  be  found. 
This  limestone,  on  exposure,  peels  away,  and  is 
often  traversed  by  a  series  of  fracture  lines  which 
in  time  have  been  filled  with  calcitc.  The  colour 
varies,  often  greenish,  or  dirty  white,  dark  red; 
the  shells  on  the  surface  are  often  very  distinct, 
and  of  yellowish-browTi  appearance,  the  stria)  not 
always  present ;  nor  do  we  find  complete  bivalves, 
or  only  rarely  so.  The  total  accumulation  consists 
of  debris,  all  mixed  up ;  at  the  higher  points  the 
mass  becomes  loose  and  rotten,  and  can  be  easily 
dug  out.  Often  this  limestone  passes  into  con- 
cretionary, honey-combed  structures,  or  masses  of 
calcitic  plates. 

20  Red  clay. 

2'5  Greenish  limestone. 

1"5  Red  clay. 

0-2  Shell  parting. 

lO'O  Soft,  reddish  sandstone. 

6*0  Fine-grained,  crystalline  sandstone. 


Total,  97*9  inches — so  that  within  a  range  of  98  inches 
(and  it  is  to  be  remarked  that  I  only  speak  of  a  fraction  of 
the  nimierous  beds  of  which  the  Upper  Permians  are  made 
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up  here),  we  have  within  the  insignificant  space  alone  31 
diflTerent  individual  deposits  before  us,  or  a  change,  in 
average,  at  every  three  inches,  leaving  out  of  calculation 
these  undefined  clays  spoken  of,  which,  as  I  shall  show 
further  on,  are,  at  every  few  inches,  parted  by  a  series  of 
thin  shell-bearing  layers. 

The  last  two  deposits  of  sandstone  deserve  a  special  word, 
as  they  are  of  special  interest.     I  mean  the 

10*0  inch  soft  sandstone. 
60     „      compact  sandstone. 

These  are  marked  on  the  right  side  of  the  section  in 
yellow:  the  upper  part  (10  inches)  is  of  a  soft  texture, 
micaceous,  light  red,  the  layers  sometimes  curved,  of  mottled 
colour,  and  the  surface  puckered,  at  times  iron-stained. 
They  also  bear  impressions  of  worm-tracks  and  footprints — 
all  indications  of  shallow  shore- wat^r  and  sub-aorial  exposure 
We  further  find  indistinct  traces  of  plants,  in  the  shape  of 
leaves,  and  a  small  cylindrical  stem,  one  inch  long,  in 
appearance  like  a  Caiamites  species.  Next  we  come  upon 
fine  ripple  markings,  with  ridges  from  quarter  to  half-inch, 
and  in  the  sandstone  banks  further  away  to  the  east,  where 
the  currents  seem  to  have  been  rather  troubled,  the  surface 
offers  an  irregular  mammillated  configuration,  full  of  pro- 
tuberances, often  one  inch  across,  probably  pointing  to 
a  shore  where  the  tide  on  falling  ran  in  different  directions 
amongst  the  channels.  Below  these  deposits  we  have  six 
inches  of  compact,  very  heavy  crystalline  sandstones,  which 
had  to  be  quarried  and  cut  out  in  long  slabs.  The  upper 
surface  is  frequently  covered  with  sun  cracks.  The  bottom, 
however,  which  it  must  not  be  forgotten  I'epresents  the  top 
part  on  the  large  slab  placed  before  you,  shows  a  regular 
system  of  ridges  varying  from  0*5  to  1*5  inches  wide,  and 
covered  with  immense  agglomerations  of  extremely  well 
preserved  shells,  scattered  broadcast  over  the  whole  surface. 
These  blocks   when    raised    from    their    natural    position 
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are  found  imbedded  in  a  granular  and  highly  ferruginous 
mass.  The  counterpart,  which,  on  the  other  hand,  rests  on 
a  red  clay,  forms  a  kind  of  cake  or  incrustation,  also  con- 
taining fossils,  but  to  a  lesser  degree,  and  has  when  fresh  a 
metallic  greyish  blue  or  bronzy  colour.  On  the  application 
of  the  water  tap  and  brush,  to  remove  the  adhesive  clayey 
matter,  the  slabs,  as  you  observe,  appear  to  abound  in  shells, 
of  which  Oervillia,  Turbo,  Rissoa,  Natica,  preponderate, 
while  Pleuraphorus,  Schizodm  are  of  rarer  occurrence.  Most 
of  the  shells,  both  their  outer  and  inner  sides,  are  grown 
over  with  the  ever-present  Vermilia.  The  strisD  and 
sculpture  are  exquisitely  exhibited,  also  the  dorsal  parts  and 
hinges,  &c.  The  shell  substance  itself  is  almost  transparent, 
and  very  delicate,  and  displays  a  bronzy  shimmer.  These 
long  ridges  recur  in  such  a  regidar  succession  that  we 
cannot  attribute  this  fact  to  mere  accident.  In  order  to 
obtain  some  answer  I  carefully  removed  these  blocks  in  situ, 
and  examined  the  proper  bearings  of  the  troughs,  which,  I 
found,  proceeded  in  a  direction  about  N.  by  W.  magnetic, 
and  run  in  parallel  order,  extending  to  indefinite  length. 
Sometimes  they  were  joined  by  oblique  cross  bars,  and  the 
troughs  (respectively  ridges)  varied  in  width.  The  slabs 
rested  on  a  ferruginous  crusty  paste,  half-inch  thick,  form- 
ing in  fact  the  substance  impacted  on  the  super-incumbent 
sandstone.  This  mass,  in  its  turn,  which  sometimes  gives 
rise  to  sub-globular  and  conical  structures,  is  composed  of  a 
thick  shell-breccia,  and  has  at  its  base  a  layer  of  chocolate  or 
red  coloured  fossiliferous  marl,  followed  by  an  irregularly 
fractured  deposit  of  red  clay,  in  which  fossil  remains  are 
absent. 

On  reflection,  there  seems  to  my  mind  but  little  doubt, 
that  we  must  regard  these  straight  and  rather  rigid  shell- 
ridges,  impoimded  as  they  are  on  the  inferior  portion  of  the 
compact  sandstone,  once  fine  loose  sand,  as  a  demonstration 
of  a  beach  overspread  with  a  regular,  well-preserved  system 
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of  ripple-marks,  and  probably  very  nearly  within  the  reach  of 
the  coast  line  of  the  Permian  Sea,  bounded  at  Burnage  Lane 
(1,600  feet  away  from  here)  by  the  Upper  Coal  Measures 
with  their  bold  and  eroded  limestone  cliffs.  Owing 
to  the  change  of  currents,  the  direction  of  the  ripples 
would  not  always  maintain  their  regular  parallelism,  but 
would  intersect  at  various  angles,  and  to  this  circumstance 
we  must,  I  think,  refer  the  frequent  presence  of  oblique 
bars  and  minor  ridges,  while  the  greater  or  lesser  interval 
between  the  various  ridges  may  be  due  to  the  extinction 
of  previous  sets  by  the  next  tide.  The  currents,  of  course, 
in  the  present  case,  must  have  been  in  a  direction  W.  by  S. 
to  E.  by  N. — that  is,  at  right  angles  to  the  axis  of  the 
observed  ridges.  It  is  clear,  if  we  take  into  consideration 
the  manner  in  which  the  shell  remains  are  thrown,  in  big 
shoals  and  heaps,  strewn  all  over  the  Permian  floor,  and 
crowded  and  packed  into  each  other,  in  all  possible  positions, 
that  they  can  only  represent  a  real  sea-sweep — spolia  marina- 
rolled  and  amassed  at  the  mercy  of  the  waves,  as  they 
thronged  and  lapped  to  and  fro,  and  that  this  loose  and  dead 
freight,  thus  gathered  up,  became  eventually  engulfed  in  the 
deep  ripple-troughs  and  cavities,  to  be  finally  covered,  but 
sufficiently  quick  to  prevent  their  fine  sculpture  from  being 
abraded  or  injured  by  a  long  exposure,  or  by  the  action 
of  tidal  movements.  We  scarcely  can  expect  to  find 
these  shell-ridges  possessing  the  perfect  sinous  contours  of 
ripple-markings  we  actually  meet  at  the  sea  shore,  as  the 
filling  up  of  the  troughs  with  shell  mat-erial  must  have 
obliterated  their  wavy  lines  and  produced  a  more  rigid 
appearance. 

It  seems  also  that  the  formation  of  extensive  tracts  of  marshes 
may  have  possibly  given  rise  to  the  ferruginous  precipitations 
we  meet  with  ;  they  may  be  the  product  of  the  decomposition 
of  vegetable  life,  and  laid  down  either  in  situ  from  still 
waters  or  carried  down  by  currents.    We  find  these  deposits, 
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forming  seams  up  to  half-inch  thick,  not  only  at  Fallowfield, 
where  they  occur  interpolated  between  the  marls  at  different 
levels,  but  also  at  such  widely  removed  points  as  Reddish, 
Ardwick,  Openshaw,  Cheetwood,  etc.  At  Fallowfield  I  have 
observed  four  such  deposits,  although  there  may  be  others 
which  I  may  have  passed.  They  are  easily  traced, 
especially  after  a  wet  day,  when  they  are  recognized  by  the 
ochraceous  ooze  trickling  from  them.  Sometimes  they  rest  on 
unfossiliferous  clay,  but  more  frequently  on  a  greenish  or 
mottled  shell  marl.  They  are  particularly  interesting,  as  we 
find  here  the  finest  and  best  preserved  shells,  as  Pleurophoms^ 
SchizoduSy  Rissotty  TurhOy  etc.,  all  exceptionally  complete, 
and  with  their  markings  preserved.  On  washing  and 
sifting  this  ochraceous  or  haematitic  mass  we  are  surprised 
to  see  that  the  greater  part  consists  of  the  detritus  of  fine 
shell  fragments,  all  well  rounded  and  worn,  while  the 
bigger  shells,  as  Oervillia,  etc.,  are  often  cemented  together. 
Mixed  with  this  mass  we  meet  large  white  quartz 
grains,  drifted  into  it,  apparently,  from  the  more  distant 
shore.  These  different  circumstances  which  have  come 
under  my  observation  throw  side-lights  on  the  more  estuarine 
conditions  ruling  at  the  time  these  Permian  deposits  t^ook 
place. 

I  purpose  to  continue  my  remarks  in   connection  with 
this  subject  at  a  later  meeting. 


Professor  Boyd  Dawkins,  in  moving  a  vote  of  thanks  to 
Mr.  Roeder  for  his  verv  useful  contribution,  said  :  I  should 
like  to  say,  for  my  own  part,  that  I  thoroughly  welcome  this 
addition  to  our  knowledge.  I  examined  all  the  evidence 
many  years  ago  by  Slade  Lane,  and  I  have  been  waiting  all 
these  years  to  get  a  section  at  right  angles  to  it  which  would 
allow  of  the  necessary  correction  in  the  geological  survey 
map.     The  geological  survey  map,  as  you  know,  is  largely 
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wrong  in  the  Manchester  area,  so  far  as  relates  to  the 
Permian  and  Upper  Coal  Measures,  and  I  think  that  Mr. 
Roeder's  communication  will  be  very  useful  in  rectifying 
that  particular  boundary.  With  regard  to  the  point  where 
Mr.  Roeder  places  a  junction  between  the  Triassic  sandstone 
on  the  one  hand  and  the  Permian  marls  on  the  other, 
I  fully  agree  with  him.  I  got  that  marked  down  on  the 
six  inch  map,  and  I  am  very  pleased  to  see  he  has 
worked  out  the  evidence  so  well.  There  is  one  point  on 
which  I  should  like  to  say  I  do  not  altogether  agree 
with  him :  that  is  with  regard  to  the  contortions  in  the 
Permian  marls  really  belonging  to  the  Permian  age. 
They  seem  to  me  rather  to  be  the  result  of  subsequent 
pressure. 

Mr.  Dickinson  seconded  the  vote  of  thanks.  He  said : 
Professor  Dawkins  has  given  you  his  view  as  to  the 
scientific  value  of  the  paper ;  but  it  has  a  great  practical 
bearing  on  the  tracing  out  of  the  Lancashire  coalfield  on  the 
dip.  We  know  that  these  thick  limestones  which  have  been 
discovered  correspond  with  those  at  Ardwick,  and  we  know 
that  the  Ardwick  limestones  lie,  in  round  nimibers,  about 
500  yards  over  the  Bradford  four  foot  seam  of  coal,  so  that 
the  Fallowfield  railway  cutting  gives  us  actual  knowledge  of 
the  position  of  the  coalfield  at  that  spot.  It  is  true,  as 
stated  in  the  paper,  that  we  knew  this  previously  by  the 
cuttings  that  were  made  for  the  sewers  ;  but  I  am  not  aware 
that  the  cuttings  for  the  sewers  shewed  the  actual  dip  of 
those  Ardwick  limestones,  overlaid  as  they  are  by  the 
moulding  sand — that  is  the  Permian  sandstone — and 
above  that  the  Permian  marls,  and  following  on  with  the 
New  Red  Sandstone.  In  the  enumeration  of  these  beds  I 
listened  as  carefully  as  I  could  to  the  ending  of  this  paper, 
but  I  did  not  catch  any  notice  of  the  bed  of  conglomerate 
which  separates  the  Permian  sandstone  from  the  Permian 
marls.     It  is  exceedingly  well  marked,  and  is  nearly  three 
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feet  in  thickness ;  and  if  that  has  not  been  noticed  in  the 
paper  I  am  surprised  after  such  minute  sections  have  been 
taken. 

Mr.   HoLLiNGWoRTH :    There   is   nothing   said    of    con- 
glomerate. 

Mr.  Dickinson  :  It  consists  of  very  fine  granules  of  sand. 
Some  of  you  will  no  doubt  remember,  years  ago,  a  valuable 
paper  by  Mr.  Bradbury — it  was  read  by  Mr.  Atherton,  of 
Bolton,  when  the  late  Mr.  Binney  was  in  the  chair  of  this 
Society — and  with  it  a  section  was  given  which  appears  in 
our  Transactions.  It  is  a  section  of  a  bore  hole  put  down 
at  Droylsden ;  it  went  down  through  a  part  of  the  New  Red 
Sandstone  and  through  the  Permian  marls,  proving  them  to 
be  70  yards  in  thickness,  and  underneath  them  was  this 
conglomerate,  one  yard;  then  what  is  called  the  Permian 
moulding  sandstone,  250  yards  in  thickness  ;  and  following 
them  are  those  beds  in  which  the  Ardwick  limestones  lie. 
It  was  found  that  the  dip  of  the  upper  beds  did  not 
correspond  with  those  of  the  Ardwick  limestones.  The 
change  of  dip  took  place  in  passing  from  one  formation  to 
the  other.  The  section  now  open  is  exceedingly  interesting. 
How  soon  it  may  be  soiled  over  I  cannot  tell,  but  I  am 
authorised  by  Mr.  Nowell,  the  contractor  for  the  formation 
of  the  railway  from  Gorton  to  Chorlton-cum- Hardy,  to  say 
that  if  this  Society  should  think  fit  in  a  body  to  visit  the 
place  he  will  be  most  happy  to  give  every  means  of  access 
and  of  obtaining  information.  He  will  also  entertain  any 
application  that  may  be  made  by  the  Society  to  him  to  see 
if  a  portion  of  that  beautiful  section  could  not  be  preserved 
for  our  successors  to  see  as  well  as  ourselves.  I  do  not 
myself  know  at  the  present  time  where  there  is  another  such 
section  open.  We  used  to  have  a  good  section  up  the  river 
Irk  ;  but  that  is  now  gone,  so  far  as  the  marls  are  concerned. 
If  Mr.  Nowell  could  be  induced  to  preserve  so  much  of 
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the  section  at  Fallowfield  as  would  show  the  marls  and  the 
conglomerate  which  has  been  referred  to,  it  would,  I  think, 
be  very  desirable  it  should  be  done. 

The  President  :  I  think  Mr.  Roeder's  paper  is  very 
interesting  from  a  scientific  point  of  view,  and  also  from  the 
practical  one  of  enabling  us  to  make  out  where  the  coal  is 
situated  round  Manchester.  I  hope  notice  will  be  taken  of 
the  invitation  which  Mr.  Dickinson  has  conveyed  to  the 
Society. 

This  concluded  the  business  of  the  meeting. 
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